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PREFACK 



This little work has been prepared more espe- 
cially for the use of a class of chemical students 
who devote a semester to the analysis of vege- 
table products and other organic mixtures, taking 
previously at least two semesters in qualitative 
and quantitative analysis. After working with 
this class for several years, without other aid than 
a manuscript digest of directions and references, 
the author is convinced that a compilation in this 
subject is desirable — ^not alone for students in 
special applications of chemistry, but for the con- 
venience of every general analyst. 

Proximate organic analysis is not altogether 
impracticable, and organic chemistry is not solely 
a science of synthetical operations even at pre- 
sent. It is true, as the chief analytical chemists 
have repeatedly pointed out, that in the rapid 
accumulation of organic compounds the means 
of their identification and separation have been 
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left in Gomparatiye neglect It is tme, also, that 
the field is limitless ; bnt this is not a reason for 
doing nothing in it. Fifty years ago, the work- 
ers in inorganic analysis were nnproyided with a 
comprehensiye system, bnt they went on explor- 
ing the mineral kmgdom and using their scaniy 
means to gain valuable results. 

That this compilation is a fragmentary and 
very brief exponent of this part of analytical 
science as it exists at present, the author is folly 
iaware, but he hopes that, as a beginning, it may 
prove to be Worth enough to afford an opportu- 
nity for its improvement hereafter. 

Univkebity of Michigan, September, 1874. 
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Proximate Organic Analysis. 



PRELIMINARY EXAMINATIONS. 

1. CABBON (uncombined) is recognized by its sensible pro- 
perties (as charcoal, graphite, or diamond), by not vaporizing 
when heated, and by resisting ordinary solvents — ^neutral, alka- 
line or acid — except that graphite is oxidized by digestion with 
chlorates and sulphuric or hydrochloric acid, or with bichro- 
mates and sulphuric acid, or with mixed nitric and sulphuric 
acids. — Also, on ignition in the air, or in a close tube with oxide 
of copper, carbonic anhydride is obtained from carbon alone, as 
well as from its compounds. 

2. THE COMPOUNDS OF CABBON— except the alka- 
line carbonates — ^yield carbonic anhydride when ignited in the air 
or in a tube with supply of oxygen (as with dry oxide of copper). 
The non-Tolatile " Organic " Corapounds of Carbon leave a resi- 
due of carbon after partial combustion — Le,, they carbonize by 
ignition. 

8. Preliminary examination OP SOIJDS to determine 
whether inorganic or organic, or both. 

a. Heat gradually, to prolonged ignition, in a glass tube open 
at both ends, or on platinum foil. 

(1) The substance is permanent: Inorganic. 

(2) Carbonizes and bums away, leaving no residue : Organic. 
See 5y a. \\ 
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(3) Carbonizes and leaves a fixed residue : Organic and Inor- 
ganic. See c. 

(4) There is doubt as to carbonization : test according to b. 

(5) The substance vaporizes — wholly or partly : test accord- 
ing to h. Also consider ammonium salts, the volatile elements, 
and the inorganic volatile acids, oxides, sulphides, etc. Examine 
according to 4, b, 

b. Mix the (dry) substance (free from carbonates yielding 
OO, on ignition) with dry oxide of copper ; introduce into a 
short combustion-tube or a hard-glass test-tube ; connect, by a 
cork and bent narrow tube, with a solution of lime or baryta, or 
basic acetate of lead, and ignite. If a precipitate is formed, test 
it as a carbonate. 

0. Ignite a portion in a porcelain capsule, until free from car- 
bon — cooling and adding a drop or two of concentrated nitric 
acid from time to time, if necessary to facilitate the combustion. 
Submit the residue to inorganic analysis. Examine another por- 
tion for organic bodies — applying the solvents, as in 134 (9) 
or (7). For an index of some of the most common organic 
solids, see 5, a. 

4. Preliminary examination of UQUIDS, to determine 
whether partly er wholly organic or not, and to separate 
dissolved solids. 

a. Evaporate a portion, on a slip of glass, at a very gentle 
heat. If, after cooling, a solid residue is obtained, test it accord- 
ing to 3. If there is an insufficient residue, obtain for this 
examination a larger quantity by distillation, as directed in b. 

b. Distil from a small retort or connected flask, admitting a 
thermometer, using a very gradually-increasing heat, and chang- 
ing the receiver as often as the boiling point is seen to rise. 
Cool the residue and distillates. Test the solid portions accord- 
ing to 3 ; the liquid portions, also, according to 3, a or b — then 
referring as indicated in the next paragrap)^. F-Qp i|^4^$ of 
Organic Liquids, see 5, b. 



PRELIMINARY EXAMINATIONS. 
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6. a. SOLIDS. 



NON-VOLATILE. 



Acids: Aoonitio— 9. 

Boheio— 2L 

Caffetannio — 20, 

Gatechuio — 18. 

Gatechutannio — ^17. 

Carminic— 26. 

(Chrysophanic) — 27. 

Citrio-«. 

Columbio-24. 

DigitaUo— 12. 

(GaUic)— 14. 

Gambogio— 28. 

G^ntianio— 25. 

IfaUo— to. 

Heoonio — 11. 

Horintannio — ^19. 

(E*yrogallic) — ^15. 

Quinio — ^22. 

Quinotannio — ^16. 

Quinovio— 2S. 

Racemio— 7. 

Tannic— 18. 

Tartaric— 6. 

Santalic— 29. 
FaUy Acids: 

Gerotio— 54. 

Erucic (meltB at 84^ C.)— 49. 

Laurie— 60. 

Hyristio — 51. 

Palmitic-52. 

Stearic-^58. 
Fixed salts of volatile a^nds. 



Fixed Oils— B», b ; 00 to 68. 
Soaps— 47. 

iiesins—W, and 68 to 98. 
Alkaloids (fixed)— 182 to 148. 
Carbohydrates : 

Cellulofle— 186. 

Dextrin— 176. 

Gum— 172. 

Ghm-cotton^l86. 

Pectin, etc.— 177 to 184. 

Starch— 176. 

Sugars— 187 to 190. 
Albumenoids—ieSd to 167. 
Cfetotifi— 170, 171. 

VOLATILE. 

Adds: Benzoic — 90. 

(CluTsophanic) — 27. 

Cinnamic— 81. 

(QaUic)— 14. 

Nitrophenic— ^. 

(Pyrogallic)- 16. 

SalicjUc-SS. 

Succinic— Sa 

Sulphophenic— 87. 

Veratric— 34. 
Camphors— 116, 101, and 111. 
Anthracene— 117. 
Alizarin— 118. 
Anilin compounds— 128. 
Chloral hydrate— 198. 
Iodoform- 199. 
Salts of Volatile Alkaloids, 



b. UQUIDS. 



NON-VOLATILE. 

Add: Lactic— 88. 
Fatty Adds : 

Linoleic (melts, 18<' C.)-48. 

Oleic— 47. 

Ricinoleic — 46. 
Fixed Oils— m, 
(Soft Soaps)— 67. 
Ol7cerinr-6Q. 



VOLATILE. 

Adds: Acetic — 40, 

Butyric — 41. 

Formic— 89. 

Valeric — 42. 
Volatile Oils— 106, 104, and 100 to 114. 
Creosote — ^116. 

VolatUe Alkaloids— 131 and 126 to 
180. 
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SOLID NON-VOLATILE ACIDS. 



Anilin— 121. 
Solvents : . 

Alcohol— 192. 

Aldeh7dr-196. 

AmyL Alcohol— 201. 

Benzole— 119. 

CSiloroform— 197. 



i8o2«ent«— Continued. 
Ethe]>— 195. 
Co. Ethera—M, 415, 42a, 

44, etc. 
Meth. Alcohol- 191. 
Nitrobenzole— 120. 
Petroleum— 119^. 



SOLID NON-VOLATILE ACIDS. 

e. TABTABIC ACID. H^C^Hp,. Characterized by the 
form of its crystals and its rotation of polarized light (a) ; by its 
odor when heated, and its color when treated with sulphuric 
acid (^) ; by the properties of its salts of calcium, potassium, 
lead, and silver (c) ; by the extent of its reducing power (rf). — 
Separated (as free acid) from salts or other substances insoluble 
in alcohol by its solubility in that menstruum, and from aqueous 
solutions by its solubility in amy lie alcohol (e); from alcoholic 
solutions by the insolubility of tartrates in alcohol (e) ; from 
citric acid by the precipitation of calcium tartrate in cold water 
and of potassium tartrate in aqueous alcohol (e) ; from sub- 
stances not precipitable by oxide of lead by the method given 
under Acetic acid a,t,g (40). — Determined by acidimetry (f) ; 
gravimetrically as lead, calcium, or potassium tartrate (g) ; by 
sp. gr. of water solutions (see Storer's " Dictionary of 
Solubilities "). 

a. Ordinary tartaric acid, or " dextrotartaric acid," cn/s- 
taJlizes in colorless, transparent, hard, monoclinic (oblique 
rhombic) prisms, permanent in the air, soluble in 1.5 parts cold 
water, 0.5 part hot water, 3 parts alcohol, not soluble in ether. 
The solution rotates the plane of polarized light to the right. 

6. When heated to 170° to 180° C, the crystals melt with 
formation of metatartaric acid, etc. ; by higher heat in the air, 
various distillation products are generated, and the mass bums 
with the odor of burnt sugar and the separation of carbon.*— 



TARTARIC ACID. 15 

Pure tartaric acid dissolves in cold concentrated fnlphnrio aoid, 
colorless, the solution turning black when warmed. 

c. The normal tartrates of potassium, sodium, and ammo- 
nium, and the acid tartrate of sodium, are freely sokMe in 
water ; the acid tartrates of potassium and ammonium are spar- 
ingly soluble in water; the normal tartrates of non-alkaline 
metals are insoluble or only slightly soluble in water, but mostly 
dissolve in solution of tartaric acid. Tartrates are insoluble in 
absolute alcohol. Aqueous alkalies dissolve most of the tartrates 
(those of mercury, silver, and bismuth being excepted), generally 
by formation of soluble double tartrates. For this reason, 
tartaric acid prevents the precipitation of salts of iron and many 
bther heavy oxides by alkalies. Hydrochloric, nitric, and 
sulphuric acids decompose tartrates. 

A solution of tartaric acid added to cold solution of lime^ 
leaving the reaction alkaline, causes a slight white precipitate of 
calcic tartrate (distinction from Citric acid, which precipitates 
only when heated). The same precipitate is produced with a 
tartrate and calcic chloride solution ; but not readily, if at all, 
with free tartaric acid and calcic sulphate solution (distinction 
from Racemic acid). The precipitate of calcic tartrate is soluble 
in cold solution of potassa, is precipitated gelatinous on boiling, 
and again dissolves on cooling (distinctions from Citrate), and is 
dissolved by acetic acid (distinction from Oxalate). 

Solution of potassa, or potassic acetate, precipitates concen- 
trated solutions of tartaric acid, as the acid tartrate of potassium 
in microscopic crystals of the trimetric system, soluble in alkalies 
and in mineral acids, not soluble by acetic acid. The precipitate 
is soluble in 230 parts of water at 15°, or in 15 to 20 parts of 
boiling water, but insoluble in alcohol, the addition of which 
promotes its formation in water solutions (distinction and sepa^ 
ration from Citric, Oxalic, and Malic acids). — ^Tartaric acid is 
distinguished from citric acid, in crystal, and the former is 
detected in a crystalline mixture of the two acids, as follows : * 

* Hager'8 '*TJntersachungeii,'' B. 2, S. lOS. 
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c 

A solution of 4 grammes of dried potassa in 60 cubic centi* 
meters of water and 30 cubic centimeters of 90 per cent, alcohol 
is poured upon a glass plate or beaker-bottom to the depth of 
about 0.6 centimeter (one-fourth inch). Crystals of the acid 
under examination are placed, in regular order, three to five cen- 
timeters (one to two inches) apart, in this liquid, and left without 
agitation for two or three hours. The citric acid crystal dissolves 
slowly but completely and without losing its transparency. 
The tartaric acid crystal (or the crystal containing tartaric acid) 
becomes, in a few minutes, opaque white (in a greater or less 
degree), and continues for hours and days slowly to disintegrate 
without dissolving and with gradual projection of spicate crystals^ 
fibrous and opaque, also trimetric prisms. (See, also, Citric 
acid, 6.) 

Solution of lead acetate precipitates free tartaric acid or tar- 
trates as white normal tartrate of lead, very slightly soluble in 
water, insoluble in alcohol, but slightly soluble in acetic acid, 
readily soluble in tartaric acid and in tartrate of ammonium 
solution, and freely soluble in ammoniacal solution of tartrate of 
ammonium (distinction from Malate), somewhat soluble in 
chloride of ammonium. 

Solution of silver nitrate precipitates solutions of normal 
tartrates (not free tartaric acid) as white argentic tartrate, soluble 
in ammonia and in nitric acid. On boiling, the precipitate turns 
black, by reduction of silver, some portion of which usually 
deposits as a mirror-coating on the glass. The mirror is formed 
more perfectly if the washed precipitate of ai^entic tartrate is 
treated with ammonia just enough to dissolve nearly all of it, 
and the solution left on the water bath. (The reduction is a 
distinction from Citrate). Free tartaric acid does not reduce 
silver from its nitrate. 

d. The copper sulphate with potassa is not reduced by tar- 
taric acid. Potassium perman^r^^ate solution is reduced very 
slowly by free tartaric acid ; but quieklv by alkaline solution of 
tartrates, with separation of brown binoxide of manganese (dis- 
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tinction from Citrates which separate the brown binoxide of man- 
ganese slowly or not at all, leaving green solution of manganate). 

e. Tartaric acid may be extracted from tartrates by decom- 
posing with sulphuric acid and dissolving with aloohol, sulphates 
being generally insoluble in alcohol. Free tartaric acid may 
be extracted from water solutions by agitation with amylio 
alcohol, which rises to the surface. 

Qiuuititatiye.— ^Z'. Free tartaric acid, unmixed with other 
acids, may be determined volumetricaUy by adding a normal 
solution of soda, to the neutral tint of litmus. Weighing 7.500 
grammes, the required number of cubic centimeters of normal 
solution equals the number per cent, of acid. 

g. In absence of acids forming insoluble lead salts, tartaric acid 
may be precipitated by acetate of lead solution, washed with 
dilute alcohol, dried on the water bath and weighed as normal 
lead tartrate. PbC,H,0, : H,C,H,0. : : 1 : 0.422535. 

In absence of acids forming insoluble calcium salts, tartaric 
acid may be precipitated from solution of neutral sodium tar- 
trate by chloride of calcinm. If ammonium salts are present, 
the ammonia should first be mostly expelled by adding sodium 
carbonate and heating — the excess of carbonate being neutralized 
with acetic acid. The precipitate of calcium tartrate should be 
heated and left aside for completion, washed with a little water 
and then with dilute alcohol, and dried (in a tared filter) at 40° 
to 50° C. Ca C,H,0,+4H,0 : H,C,H,0, : : 1 : 0.577. 

In presence of citric acid, oxalic acid, sulphuric acid, phos- 
phoric acid, etc., the tartaric acid may be determined as potas- 
ritim bi tartrate. The solution of acid is made nearly neutral by 
addition of soda, or the solution of salt (tartrate) is made slightly 
acid by addition of acetic acid ; this water solution is obtained 
in concentrated form and treated with a little alcohol but not to 
cause a precipitate, and then precipitated with concentrated solu- 
tion of acetate of potassium. The precipitate is washed with 
alcohol, and dried on the water bath, imr O^H^O, : H,O^H^O, 
: : 1 : 0.797. Results approximate. 
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7. BAOEMIO ACQO). Isomer of tartaric acid, from, which 
it is distinguished as follows: By forming triclinic crystals, 
'EifiJSLfi^ • H,0 ; soluble in 5 parts cold water or 48 parts of 
alcohol of sp. gr. .809 ; slightly efflorescent on the surface ; losing 
the water of crystallization at 100°. By its solution (uncom- 
bined) being able to form after a short time a slight precipitate 
in solution of calcio sulphate and a precipitate in solution of 
calcic chloride ; the precipitate of calcic racemate being, after 
solution in hydrochloric acid, precipitated again by ammonia, 
that is, not soluble in chloride of ammonium solution. By being 
inactive toward polarized light. 

8. dTBlO ACID. H,C,HjO^. Characterized by the form, 
solubilities, and fusibility of its crystals (a) ; by the properties 
of its salts of calcium, barium, lead, silver, potassium {h)\ by the 
limits of its reducing jpower (c). — -Separated (as free acid) from 
sulphates and other substances insoluble in alcohol by its solu- 
bility in this menstruum {d); from tartaric acid, approximately, 
by the slight solubility of the potassie tartrate in dilute alcohol 
(e) ; from acids which form soluble lead salts by method given 
under Acetic acid at g, — Determined by acidimetry {/); by 
precipitation as barium citrate to be weighed as barium sulphate, 
or as barium citrate. 

a. The citric acid of commerce is crystallized (from rather 
concentrated solutions) as H,C,H,0, . H^O, in large, tra-nsparent, 
colorless, and odorless prisms of the trimetric system. These 
crystals slowly effloresce in the air between 28° and 50° C, and 
lose all their water of crystallization at 100° C. A different form 
of crystals, containing one molecule of water to two molecules 
of acid, is obtained from boiling, concentrated solutions. — ^Citric 
acid melts when heated, and at 175° gives off pungent, character- 
istic vapors, containing acetone (see Acetic acid, 40, c), while 
Aconitic acid (9) is formed iii the residue. (The odor is dis- 
tinctly unlike that of heated Tartaric acid.) — Citric acid is 
soluble in less than its weight of water, in 1,5 parts of 90 per 
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cent, alcohol, insoluble in absolute ether, but soluble to a slight 
extent in ether containing alcohol or water ; also slightly soluble 
in chloroform containing alcohol. 

b. The alkaline citrates are freely soltMe in water ; iron, zinc, 
and copper citrates, moderately soluble ; other metallic citrates 
mostly insoluble, calcium citrate being somewhat s<4uble in cold 
water, but nearlv insoluble in hot water. Ammonio-ferric citrate 
is readily soluble in water. Citric acid prevents the precipita- 
tion of iron and many other heavy metals by the alkalies, soluble 
double citrates being formed. The aikalinie citrates are sparingly 
soluble in hot, less soluble in cold alcohol. — Solution of lime, 
added to solution of citric acid or citrates, causes no precipitate 
in the cold (distinction from Tartaric, Racemic, Oxalic acids) ; 
but on boiling a slight precipitate is formed (distinction from 
Malic acid). Solution of chloride of calcium does not precipi- 
tate solution of free citric acid even on boiling, nor citrates in the 
cold, but precipitates citrates (neutralized citric acid) when the 
mixture is boiled. The precipitate, Ca,(C,H,0,), . 2H,0, is 
insoluble in cold solution of potassa (which should be not very 
dilute and nearly free fi*om carbonate), but soluble in solution of 
cupric chloride (two means of distinction from Tartaric acid) ; 
also soluble in cold solution of chloride of ammonium and 
readily soluble in acetic acid. — Solution of acetate of lead pre- 
cipitates from solutions of neutral citrates, and from even very 
dilute alcoholic solution of citric acid, the white citrate of lead, 
Pb,(C,H,0^),.JHjO, somewhat soluble in free citric acid, 
soluble in nitric acid, in solutions of all the alkaline citrates and 
of chloride and nitrate of ammonium, soluble in ammonia (for- 
mation of basic citrate of lead then soluble with the citrate of 
ammonium produced). (Malate of lead is not soluble in malate 
of ammonium.) 

c. Nitrate of silver precipitates from neutral solutions of 
citrates, white normal citrate of silver, not blackened by boiling 
(distinction from Tartrate). — Solution of permanganate of 
potassium is scarcely at all affected by free citric acid in the cold. 
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With free alkali, the solution turns green slowly in the cold, 
readily when boiled, without precipitation of brown binoxide of 
manganese till after a long time (distinction from Tartrate). 

d. Citric acid is separated from '< extractive matters" and 
from acids which form soluble barium salts by precipitation, as 
barium dtratCy which is then carefully decomposed with sul- 
phuric acid. — From citrates soluble in water, the acid may be 
obtained by decomposing with sulphuric ddd (not added in 
excess), then removing the water by evaporation at a tempera- 
ture below 100°, and extracting the citric acid from the residue 
by alcohol. 

e. One part of citric acid dissolved in two parts of water, 
and treated with a solution of one part of acetate of potassiiun 
in two parts of water, will remain clear afler addition of an 
equal volume of strong alcohol (absence of Tartaric, Racemic, 
and Oxalic acids). For a method by treatment of the crystals 
with alcoholic solution of potassa, see Tartaric acid (1), c. 

Qiuuititatiye.— ;/*. Uncombined citric acid, not mixed with 
other acids, may be determined volumetricaUy by adding a 
standard solution of soda or potassa to the neutral tint of litmus. 
Weighing 7.000 grammes (^ of ^ of C,HgO^ . H^O) the number 
of cubic centimeters of normal solution of alkali required equals 
the number per cent, of crystallized acid.* 

g. The precipitation of alkaline citrates by barium acetate is 
made complete in solution of alcohol of sp. gr. 0.908 — as 
follows :f 

The citric acid is obtained as alkaline citrate ; if free, by neu- 
tralization with soda ; if combined with a non-alkaline base, by 
warm digestion with an excess of soda or potassa, filtering and 
washing — the filtrate being neutralized by acetic acid. In either 
case, the carefully neutralized and not very dilute solution is 
treated with a slight excess of exactly neutral solution of acetate 
of barium, and a volume of 95 per cent, alcohol, equal to twice 

* Results a little too high.— J. Cbjeuse. 

f J. Cbxusb, American Chemist, I., 424 (1871). 
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that of the whole mixture, is added. The precipitate is washed 
on thiB filter with 63 per cent, alcohol, and dried at a moderate 
heat. The citrate of barium contains a variable quantity of 
water, and is transformed into sulphate of barium by transferring 
to a porcelain capsule, burning the filter, and heating with sul- 
phuric add several times, till the weight is constant. SBaSO^ : 
2H,Cpa,0, . H,0 : : 1 : 0.601. 

Hager directs that barium or calcium citrate (washed with 
alcohol) be dried at 120*» to 150° and weighed. Ba,(C,H,0,)t • 
2H,0,H,0, . H,0 : : 1 : 0.53232. 

0. ACONTFIC ACXQ). H,Cpa,0.. A colorless solid, crystal- 
lizing with difficulty in warty masses, at 160° C. (320° F.) resolved 
into liquid itaoonic acid. Soluble in water, alcohol, and eCher ; 
its solutions having a decided acid reaction. It has a purely acid 
taste. — The (zeonitates of the alkaline metals, magnesium, and 
zinc are freely soluble, the others insoluble or sparingly soluble, 
in water. Calcic aconitate is soluble in about 100 parts of 
cold water and in a much smaller quantity of boiling water. 
Manganous aconitate crystallizes in rose-colored octahedrons, 
sparingly soluble in water. Argentic aconitate is sparingly 
soluble in water, soluble in alcohol or ether, blackened by 
boiling with water. — Free aoonitic acid is precipitated by mer- 
curous nitrate, but not by most metallic salts until after neu- 
tralization. 

Aconitic acid is separcUed from Monkshood (Aconitum 
napelllut). Larkspur {Delphinium cansoHda), ^uiaetum, Black 
Hellebore, Yarrow {Achillea millefolium), and other plants, in 
which it exists as calcium salt, by evaporating the dear decoc- 
tion to crystallize. The crystals of aconitate of calcium are dis- 
solved and precipitated by acetate of lead, and the lead salt 
decomposed by hydrosulphuric acid. It is also separated from 
impurities by adding (to the dry mixture) five parts of absolute 
alcohol, then saturating the filtered solution with hydrochloric 
acid, and adding water, when aconitate of ethyl will rise as an 
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oily layer, colorless and of aromatic odor. This ether may be 
decomposed by potassa. 

Aoonitic acid may be separated from Maleic acid by the 
more ready crystallization of the latter^ and from Eumaric acid 
by being more soluble in water. 

10. MAUC ACED. H^C^H^,, /(fen^j/^ more especially 
by its deportment when heated (a) ; by the deportment of its 
lead salt when heated under water (&), and of its calcium salt in 
water and in alcohol (d). — Separated from tartaric, dtric, o^^alic, 
and other acids by alcoholic solubility of the neutral malate of 
ammonium (o) and by its reaction with calcium in water solu- 
tions {d) ; from tannic acid, also, by aqueous solubility of calcic 
malate, and from formic, acetic, benzoic acids by alcoholic inso- 
lubility of calcic malate (d ).^~^J)etermined gravimetrically as 
lead malate (e). 

Crystallizes in four-sided or six-sided prisms, deliquescent in 
air; colorless, odorless, and of sour taste; freely soluble in 
water and alcohol, soluble in ether. The malates are mostly 
soluble in water, but insoluble in alcohol. Nitric acid oxidizes 
malic acid, and alkaline solution of permanganate is decolorized 
by it, but chromic acid acts on it with difficulty. Malate of 
silver darkens but slightly on boiling (Tartrate blackens). Con- 
centra.ted sulphuric acid darkens malic acid very slowly after 
warming. Hydriodic acid changes it to succinic acid with sepa- 
ration of iodine (the result being the same with Tartaric acid). 
Sodium amalgam changes malic to succinic acid. 

a. Free malic acid, heaied in a small retort over an oil-bath 
to 175** or 180** C, evolves vapors of maleic and fiimaric acids, 
which crystallize in the retort and receiver. The fumaric acid 
forms slowly at 150^ C, and mostly crystallizes in the retort, in 
broad, colorless, rhombic or hexagonal prisms, which vaporize 
without melting at about 200® C, and are soluble in 250 parts 
of water, easily soluble in alcohol or ether. If the temperature 
18 suddenly raised to 200®, the maleic acid is the chief product. 
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Maleic acid crystaliizeiB in obliqney rhomboidal pritmt, which 
meh at 130^ and vaporize at about 160^, and are readily soluble 
in water and in alcohol. The test for malic acid, by heating to 
175° or 180°, may be made in a test-tube, with a sand-bath, the 
sublimate of fumaric and maleic acids condensing in the upper 
part of the tube. Malic acid melts below 100°, and does not 
lose weight at 120° ; at the temperature of the test water-vapor 
is separated — ^maleic and fumaric acids both having the composi- 
tion of malic anhydride (C^H^O^). 

&. Solution of acetate of lead precipitates malio acid, more 
perfectly after neutralizing with ammonia, as a white and fre- 
quently crystalline precipitate which upon a little boiling melts 
to a transparent, waxy semi-liquid (a characteristic reaction, ob- 
scured by presence of other salts). The precipitate is very 
sparingly soluble in cold water, somewhat soluble in hot water 
(distinction from Citrate and Tartrate) ; soluble in strong ammo- 
nia, but not readily dissolved in slight excess of ammonia 
(distinction from citrate and tartrate) ; slighdy soluble in 
acetic acid. 

c. If the predpitate of malate of lead is treated with excess 
of ammonia^ dried on the water bath, triturated and moistened 
with alcoholic ammonia, and tiien treated with absplnte alcohol, 
only the malate * of ammonium dissolves ' (distinction from 
Tartaric, Citric^ Oxalic, and many other organic adds, the normal 
ammonium salts of whidi are insoluble in absolute alcohol). 
Also, malic acid may be separated from tartaric,, oxalic, and 
citric acids, in solution, by adding ammonia in slight excess, and 
then 8 or 9 volumes Of alcohol, which leaves only the malate of 
ammonium in solution^ . 

d. Solution of dildride of ^l^fiini does not precipitate malic 
acid or malates in the cold (distinction from Oxalic and Tartaric 
acids) ; only in neutral and very concentrated solutions is a pre- 
cipitate formed on boiling (while calcic citrate is pirecipitated in 
neutral boiling solutions if not very dilute). The. addition of 
alcohol after chloride of calcium produces a white bulky precipi- 
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tate of calcic malate in even dilute neutral solutions (indicative 
in absence of sulphuric and other acids whose calcium salts are 
less soluble in alcohol than in water). — Acetic, Formic, and 
Benzoic acids are lefl in solution and malic acid precipitated by 
addition of one or two volumes of alcohol, with chloride of 
calcium. In separation from Tannic acid, both acids may be 
precipitated by chloride of calcium, with a slight excess of 
ammonia and alcohol ; the malate is then washed out of the 
precipitate with water. 

Quantitative. — e. The alcoholic solution of malate of am- 
monium — ^prepared as directed in c — ^may be precipitated with 
acetate of lead, washed with alcohol, dried and weighed as malate 
of lead. PbC,H,0, : H,C,H,0, : : 1 : 0.3953. 

11. MEOONIC ACID. H,CfHO,. Identified by its 
physical properties and precipitation by hydrochloric acid (a) ; 
its reactions with iron and other metals {b) ; and by its products 
when heated (c). It is separated from opium through formation 
of the calcium salt or lead salt [d). 

a. Meconic acid crystallizes in white shining scales or small 
rhombic prisms, containing three molecules of crystallization 
water, fully given off at 100° C. It is soluble in 115 parts of 
water at ordinary temperatures, less soluble in water acidulated 
with hydrochloric acid, more soluble in hot water, freely soluble 
in alcohol, slightly soluble in ether. It has an acid and astringent 
taste and a marked acid reaction. Its salts, having two atoms of 
its hydrogen displaced by acid, are neutral to test-paper. Except 
those of the alkali metals, the dimetallic and trimetallic meco- 
nates are mostly insoluble in water. Meconates are nearly all 
insoluble in alcohol. They are but slightly or not at all decom- 
posed by acetic acid. 

Solutions of meconates are precipitated by hydrochloric 
acid, as explained above. 

b. Solution of meconic acid is colored red by solution of 
ferric chloride. One ten-thousandth of a grain of the acid in 



MS CO NIC 4^CJJ>. • 26 

one grain of water with a drop of the reagent acquires a distinct 
purplish-red color (Wormlky). The color is not readily dis- 
charged by addition of dilute hydrochloric acid (distinction from 
Acetic acid), or by solution of mercuric chloride (distinction 
from sulphocyanic acid). — Solution of acetate of lead precipi- 
tates meconic acid or meconates as the yellowish-white meconate 
of lead, Pbg(C,HO,)5, insoluble in water or acetic acid. — Excess 
of baryta water precipitates a yellow trimetallic meconate. — 
Solution of nitrate of silver in excess precipitates free meconic 
acid on boiling, and precipitates meconates directly, as yellow 
trimetallic meconate ; if free meconic acid is in excess, the preci- 
pitate is first the white dimetallic meconate ; both meconates 
being soluble in ammonia and insoluble in acetic acid. — Solution 
of chloride of calciuni precipitates from solutions of meconic 
acid, and even from neutral meconates, chiefly the white mono- 
metallic meconate, CaH^(C,HO,), . 2H,0, sparingly soluble in 
cold water ; in the presence of free ammonia, the less soluble, 
yellow dimetallic salt, CaH C,HO, . Hj,0, is formed. Both preci- 
pitates are soluble in about 20 parts of water acidulated with 
hydrochloric acid. 

c. At 120° C. (248° r.) dry meconic acid is resolved into 
comenic acid ; at above 200° C. the comenic acid is resolved 
into pyrocomenic acid and other products. The sublimate of 
comenic auid dissolves sparingly in hot water, not at all in abso- 
lute alcohol. It crystallizes in prisms, plates, or granules. Solu- 
tion of com^mc acid gives a red color with ferric chloride:, green 
pyramidal crystals with cupric sulphate in con.centrated solu- 
tion, and a yellowish-white granular precipitate with acetate 
of lead. 

d. The separation of meopnio aoi^ £ro^^ o^mrn is efF^ted, 
with least Loss by pi:ecipitating ttre" infk^n. with a,c^t'ate. of Igad 
(leaving the alkaloids as acetates with some excess o£ lead in. the- 
filtrate). The precipitate is decomposed, in water, with hydro- 
sulphuric acid gas, and the filtrate therefrom is concentrated (and 
aGidulatejd with hydrochloric acid) to crystalU^e.thfi meconic. aejfL 
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The crystals are purified by dissolving in hot water and crystal- 
lizing in the cold afler acidulation with hydrochloric acid. 

The ^l^fiini meconate, precipitated in concentrated solution 
by Gregory's process for preparation of morphia, as by the Br. 
Pharmacopoeial preparation of morphioe murias, is washed with 
cold water and pressed. One part of the precipitate is dissolved 
by digestion in 20 parts of nearly boiling water with 3 parts of 
commercial hydrochloric acid, and set aside to crystallize the acid 
meconate of calcium. The crystals are purified from color and 
freed from calcium by repeated solution in the same solvent, used 
just below 100^ C, and each time in a slightly diminished quan- 
tity. The acid may be further decolorized by neutralizing with 
potassic carbonate, dissolving in the least sufficient quantity 
of hot water, draining the magma of salt when cold, dissolv- 
ing again in hot water and adding hydrochloric acid to -tirys- 
tallize, 

12. BiaiTAIiIC AGED. Digitaleic acid. Digitoleic acid. 
— A solid of a green color, crystallizing in slender needles, some- 
times stellate, having a bitter taste and pleasant aromatic odor. 
It is sparingly soluble in water, freely soluble in alcohol 
and in ether. It reddens litmus and decomposes carbonates. 
The alkaline digitalates are soluble, forming soapy solutions 
with water; the other metallic digitalates are insoluble in 
water. 

Digitalic acid is obtained from the leaves of the fox-glove 
(digitalis purpurea) by exhausting with cold water, precipitating 
the solution with acetate of lead, decomposing the precipitate 
with solution of carbonate of sodium, and treating the somewhat 
concentrated filtered solution with hydrochloric acid, which pre- 
cipitates crude digitalic acid. This is purified by crystallization 
from alcohol, 

18. TANNIC ACIDS : Vegetable educts having an astriiv 
gent taste and an acid effect on test-papers, mostly amorphous^ 
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not volatile or liquefiable, freely soluble in water and in alcohol, 
mostly but little soluble in dilute sulphuric acid ; forming with 
ferric salts green or blue colors, and precipitating solutions of 
gelatin and albumen (distinctions from gallic acid). Attributed 
formulae, C„H,,0„ ; C„H„0,, ; C,,H,,0, (Schiff). 

The tannic acids are further characterized by forming in solu- 
tions of all the caustic alkalies a brown color bleached by oxalic 
acid, and in solutions of alkaloids a white precipitate dissolved 
by acetic and stronger acids. With exceptions hereafter named, 
they precipitate solution of tartrate <^f<Mt^T10?y *^"^ pobmsinnvi; 
they precipitate basic acetate of lead, and form insoluble com- 
pounds with many heavy metals. They all absorb oxygen, espe- 
cially in presence of alkalies, and act as powerful reducing agents 
— quickly decolorizing solution of permanganate, and reducing 
the heated alkaline copper solution. Tannic acids are more per- 
manent in alcoholic than in aqueous solutions. 

If a very little starch-paste be tinged blue by a slight addition 
of hu ndredth-norma l solution of iodine (1 part iodine dissolved 
with potassic iodide in 100,000 parts aqueous solution), on adding 
a liquid containing tannic acid the blue color of the iodized starch 
presently disappears — ^hydriodic acid and gallic acid being formed. 
On adding a crystal of potassic nitrite the blue is restored.* 
Also, if a drop of tannic acid solution is mixed with a few drops 
of iodine solution of the above strength, and afterward a drop of 
very dilute alkali be added, on evaporation to remove carbonic 
acid, a bright red color will appear, j By oxidation the tannic 
acids acquire a dark color, brown, black, green, or red. Gallotannic 
acid with alkalies in the air slowly forms tannoxylic acid, which 
precipitates acetate of lead solution dark-red. With lime-water 
it forms a white turbidity, becoming green and darker. Tannic 
acids form with molybdate of ammonium a red color removed 
by oxalic acid. 

The physiological tannic acid (Wagner, 1866) or quercitan- 

* GRixssitATEB : Ann, Ch, Pharm,, clx., 40-^. 
i Gbiessicayxb : Zeittchr, Anal, Chem., x., 48. 
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nic acid is found in the bark of the oak, pine, willow, and beech, 
in bablah (acacia fruit), in valonia (cups of the quercus segilops), 
and in sumac. It is a glucoside, and it does not yield pyrogal- 
lic acid by dry distillation. The pathological tannic acid of 
Wagner, or gallotannic acid, is found in common or Turkish gall- 
nuts and in Chinese and Japanese gall-nuts. It is a glucoside 
(being transformed by contact of a ferment or by sulphuric acid 
into gallic acid and glucose), and in dry distillation it yields 
pyrogallic acid. 

Ferric salts give hhie to blue-black precipitates \iiih. gallo- 
tannic acid, querci tannic acid, and the tannic acids of poplar 
bark, birch bark, hazel-nut, uva ursi leaves, lithrum salicaria 
leaves, the bark of cornus florida and cornus mascula, and many 
other plants. Ferric gallotannate {ink) is bleached by oxalic 
acid. On digestion with nitric acid, a yellowish solution is 
formed, in which excess of ammonia precipitates ferric hydrate. 
Ferric salts give green precipitates with quinotannic acid, mori- 
tannic acid, caffetannic acid, catechutannic acid, catechuic acid, 
cephaelic acid, the tannic acids of the barks of pines and fir and 
willow, the rhubarb root, the root of potentilla tormentilla, and 
of numerous other plants. Cephaelic acid^ with ammonia is 
colored violet to black by ferric salts. 

Gelatin does not precipitate Catechuic acid or Caffe- 
tannic acid. 

Tannic acids are removed from solution by digestion with 
oxide of copper, oxide of zinc, or animal membrane ; or by pre- 
cipitation with solution of gelatin, sulphate of cinchonia, or 
acetate of copper. — ^They are separated as insoluble lead saUs^ 
according to the general method given under Acetic Acid. 

Quantitative.— The total tannic acids in solution are deter- 
mined — by the specific gravity, (a) ; by absoatptiojj^ in o;;ide of 
copper {h) ; by a volumetric solution of sulphate of cinchonia 
(c) ; by a volumetric solution of tartrate of antimony and 
potassium (in presence of chloride of ammonium to prevent the 
precipitation of gallic acid) {d). 
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d. A water solution of gaUotannic acid at 17.5° C. (63.5** F.) 
contains as follows (after Haqkr) : 
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1.0551 
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When other substances besides tannic acid and water are 
present, the specific gravity of the solution is first taken ; the 
solution is then deprived of tannic acid by digestion with animal 
membrane. Four to five parts of dried and rasped hide are 
added for one part supposed tannic acid. After digestion, the 
filtrate and washings are brought to the exact bulk of the original 
solution and to the standard temperature. The former specific 
gravity minus the latter, and plus one, equals the specific gravity 
indicating the per cent, of tannin. Gallic acid is not taken out 
by the membrane.= — If pectous substances are present, they would 
also be precipitated by the ainimal membrane ; hence they must 
be removed before taking the specific gravity in the first place. 
This is accomplished by making an alcoholic extract of the ori- 
ginal material, then evaporating off the alcohol and substituting 
water (Hammer). — Instead of animal membi-ane, oxide of copper 
may be used to remove the tannic acid (and gallic acid), accord- 
ing to b. 

b. A weighed quantity of recently ignited oxide of copper — 
about 5 times that of the tannin — is added to the prepared solu- 
tion ; the mixture is gently warmed for an hour and set aside for a 
dsay with frequent agitation, then filtered and the copper tannate and 
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oxide washed, dried on the water-bath and weighed. The increase 
of weight is the amount of tannic (and gallic) acid (Hager). 

c. 4.523 grams of good sulphate of cinchonia, with 0.5 gram 
sulphuric acid, and 0.1 gram acetate rosanilin or fuchsin, are dis- 
solved in water to make one litre. Each c.c. of this solution 
precipitates 0.01 gram tannic acid. One gram of solid material 
is obtained in clear solution of about 50 c.c. measure. To this 
the standard solution of cinchona is added, the color being thrown 
down in the precipitate. When the tannic acid is all precipi- 
tated, the anilin color appears in solution. One gram having 
been taken, each c.c. of the volumetric solution indicates 1 per 
cent, of tannic acid. Gallic acid is not precipitated by cinchonia 
(R. Wagner). 

• d. One equivalent of tartrate of antimony and potassium, 
after drying on the water-bath (K SbO C^H^O,=325), is preci- 
pitated by one equivalent of tannic acid (C,^H,^0,g=i636) ; or, 
0.002555 anhydrous tartrate is precipitated by 0.005 of the tannin. 
Dissolving 2.555 grams of anhydrous tartrate of antimony and 
potassium in water to make one litre of solution, each c.c of the 
same corresponds to 0.005 of tannic acid. The prepared solu- 
tion of tannic acid — ^which may contain pectous substances with- 
out interference with this method — is treated with chloride of 
ammonium, and the volumetric solution is added, with agitation, 
until turbidity is no longer produced. The precipitate separates 
well. Gallic acid is not thrown down when chloride of ammo- 
nium is present (Gerland). 

14. GALLIC ACID. C,H,0, ; crystallizing with H,0. An 
inodorous solid, having an astringent and slightly acid taste, an 
acid effect on test-papers, and crystallizing in long, silky needles 
or triclinic prisms. It is soluble in 100 parts of cold or 3 parts 
of boiling water, freely soluble in alcohol, moderately soluble in 
ordinary ether, and but slightly soluble in absolute ether, inso- 
luble in chloroform or petroleum naphtha. Its non-alkaline 
metallic salts are insoluble in water but soluble in alcohol^ and 
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slightly soluble in officinal ether ; they are decomposed by acids 
and by alkalies. 

Heated to 210°-215° C. (41 0*^-41 9° F.), in absence of water, 
it is sublimed as pyrogallic acid and carbonic anhydride ; at 
higher temperatures, other products are formed. 

Gallic acid is characterized by its physical properties (as 
above given) ; by its reactions with iron salts (a), with alkalies 
(b)f with tartrate of antimony and potassa and with alkaline 
arsenate in the air (c), and with molybdate of ammonium [d)> 
It is distinguished from the tannic acids by negative results 
with gelatin, albumen, and starch (e) ; by not precipitating the 
alkaloids, and by its far weaker reducing power (^) (distinction 
from pyrogallic acid also). — Gallic acid is determined, if free 
from tannic acids, by absorption in recently ignited oxide of zinc, 
according to method b in determination of tannic acid. It is 
separated from tannic acids and determined by solution with car- 
bonate of ammonium from the precipitate with acetate of 
copper (g). 

a. Ferric salts in solution give a deep blue color with gallic 
acid. Ferrous salts give a blue-black precipitaite (distinction 
from gallotannic acid). 

b» Alkaline solutions of gallic acid turn yellow to brown and 
black in the air, from absorption of oxygen and formation of tan- 
nomelanic acid, greatly accelerated by boiling. The latter acid, on 
neutralizing with acetic acid, precipitates acetate of lead, black. 

Solution of lime with gallic acid, forms a white turbidity, 
changing to blue and then to green, 

c. Tartrate of antimony and potassium is precipitated white 
in very dilute solution. 

A faintly alkaline solution of arsenate of potassium or sodium, 
with gallic acid, exposed to the air, soon develops an intense 
green color, commencing at the surface. Dilute acids change the 
green to purple-red and a careful neutralization with alkalies 
restores the green color, but it is destroyed by excess of alkali.'*' 

♦ Pbootob : Jour, Chem, Soo., 1874^ p. 609. 
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d. Molybdate of ammonium reacts as with tannic acid. 

6. Gallic acid does not 2>recipitate gelatin, albumen, or starch- 
paste, but it forms a precipitate with a mixture of gum-arabic 
and gelatin. 

f. Gallic acid doo ; not reduce alkaline copper solution, but 
reduces salts of gold and silver, and quickly decolorizes perman- 
ganate solution. 

Quantitative. — g. The prepared solution is fully preci- 
pitated with a filtered solution of cupric acetate ; the precipitate 
washed and then exhausted with cold solution of carbonate of 
ammonium. The last solution, containing all the gallate of cop- 
per with a very little tannate, is evaporated to dryness, the 
residue moistened with nitric acid, ignited, and weighed as oxide 
of copper. This weight multiplied by 0.9 gives the quantity of 
gallic acid (the full ratio being 0.9126, but allowance is made for 
solution of a little tannate by the carbonate of ammonium. 
The ratio between oxide of copper and tannic acid is 1.304). 
(Method of Fleck modified by Sackur and Wolf.) 

16. PYROGALLIC ACID. C,H,0,. Pyrogallino. Pjto- 
gallol. — Characterized by its physical properties (a) ; its 
peculiar avidity for oxygen {h) ; its reactions with alkalies, lime, 
iron,. copper, etc. (c)- It is distinguished from tannic acid by 
not precipitating gelatin or moderately dilute tartrate of anti- 
mony and potassium or cinchonia, and by its different reactions 
\vith both ferrous and ferric salts : from gallic acid by its greater 
solubility in cold water and its far greater reducing power {h). 
It may be determined gravimetrically as a lead precipitate (c?), 
and volumetrically by permanganate. 

a. Pyrogallic acid crystallizes in long prismatic plates or 
needles, of a w^hite or yellowish-white color, and an acid and very 
bitter taste. At 115° C. (239° F.) it melts, and at about210° C. 
(410° F.) it sublimes with partial decomposition and formation of 
meta<jaHic acid. It is soluble in three parts cold water, freely 
soluble in alcohol and in ether, not soluble in absolute chloroform. 
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ft. It is periilanent in dry air free from ammonia, but in 
moist or ammoniacal air it gradually darkens, and in water 
solution it turns brown to black, sooner if boiled, still more 
rapidly in presence of alkalies, absorption of oxygen taking 
place to an extent proportional to the coloration, which is 
destroyed by oxalic acid. It quickly reduces the alkaline copper 
solution ; also salts of the noble metals, and reduces acid solu* 
tion of permanganate with evolution of carbonic anhydride. 

c. With lime solution, a purple-red color at first appears, 
^erward the brown color formed by alkalies as mentioned in ft. 
With ferrous salts a blue color is formed; with ferric salts a red 
solution, broT^n when heated. Acetate of copper gives a brown- 
green precipitate ; acetate of lead a white, Curdy precipitate ; 
both soluble in acetic acid. 

QuantitatiTe.'— c:?. The alcoholic solution of pyrogallic acid 
is precipitated with excess of alcoholic solution of acetate of lead ; 
the precipitate washed quickly with alcohol, dried by water-bath 
and weighed. Pb(C^H,0,j, : 2C,H,a, : : 467 : 252 : : 1 : 
0;55142. 

16. QUJLNOTAJraiO A0l9b« Cin(;hotannic acid. Kino- 
tannic acid. — See Tannic acids (13) for appearance, taste, solu- 
bilities, and reactions with alkalies and with iron salts. It pre- 
cipitates tartrate of antimotiy wid potassium only iti boncentrated 
^lutions. In oxidation with alkalies it forms a red-brown color, 
due to cinchona-red, which dissolves in alkalies and in acetic acid, 
but not in water. ConoentriEited sulphuric acid changes quino- 
taihnic acid to citiehona-j*ed and glucose. Ih dry distillation, 
phenic acid is formed, recognized by the odor. Quinotannic acid 
is removed from solution by acetate of lead, and from its lead 
precipitate by hydrosul|)hurie acid. For separation from Cin- 
chona bark, see under Quitiic Acid; e?. 

!?• CAi- JSUJU. u TANNIC AdB; Has the properties of 
tannic acids in general, giving a grayish^gir^tofi pl^eetpilat^ with 
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ferric salts, and distinguished by not precipitating tartrate of 
antimony and potassium. It softens when heated, and by dry 
distillation yields an empyreumatio oil. The product of its 
atmospheric oxidation in water is red. 

Catechutannic acid is separated from Catechu as follows: 
The aqueous infusion of catechu is heated with dilute sulphuric 
acid and filtered ; the iiltrate treated with concentrated sulphuric 
acid to precipitate the acid sought ; the precipitate is washed on 
a filter with dilute sulphuric acid and pressed between paper. It 
may then be dissolved in water ; the solution treated with car* 
bonate of lead and filtered ; the filtrate evaporated in vacuo. It 
may be farther purified by dissolving in alcoholic ether and 
evaporating off the solvent. 

18. CATECHU IC ACID. Catechucic acid. Catechin. 
Tanningenic acid. — A white, tasteless powder, or in fine, silky 
needles, melting at 217° C. (423° F.), and in dry distillation 
yielding an empyreumatio oil. Very slightly soluble in cold 
water, soluble in three parts boiling water, moderately soluble in 
alcohol, sparingly soluble in ether. With alkalies and metallic 
salts, and as a reducing agent, it gives the reactions of the (iron- 
green) Tannic Acids, from which it is distinguished by not giving 
precipitates with tartrate of antimony and potassium or with 
alkaloids, or with gelatin (the last-named being a distinction 
from catechutannic acid). With strong sulphuric acid it forms 
a deep purple liquid. 

Catechuic acid may be separated from catechutannic acid 
and the other constituents of catechu by its sparing solubility 
in cold and ready solubility in hot water. Bengal catechu is 
digested twenty-four hours in cold water, and the (slightly 
washed) residue is then exhausted with boiling water. When 
the solution cools, a yellow deposit of catechuic acid appears. 
This is washed in cold water. It may be decolorized by hot 
filtration through animal charcoal. It is dried on bibulous paper 
by aid of the air-pump. 
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19. MOBINTA]!OnC ACID. G^^^fi^. Capable of 
crystallization ; yellow, with great tinctorial power, and of an 
astringent, sweetish taste. Melts at 200° C, and at higher tem- 
peratures distils phenic acid. In reactions with alkalies, oxidiz- 
ing agents, gelatin, tartrate of antimony and potassium, iron 
salts, etc., it behaves like other Tannic Acids (13). With ferric 
salts it gives a greenish precipitate ; with acetate of lead a yellow 
precipitate ; with sulphate of copper a yellowish-brown precipi- 
tate ; with stannous chloride a yellowish-red precipitate. 

It is 8^>arated from Fustic by spontaneous deposition from 
the concentrated decoction, 

20. CAJPFETAinnC ACID. Oaffeotannic acid. Has in 
general the physical properties of the Tannic Acids, but is not 
incapable of crystallization. It melts when heated, and then 
gives the odor of roasted coiTee, and in dry distillation yields 
oxyphenic acid as an oil which solidifies in the cold. 

With fixed alkalies in solution it turns yellow to reddish-yel- 
low, by oxidation ; with ammonia, forms a green color, due to 
viridic acid, which, when neutralized, gives with acetate of lead a 
blue precipitate. Warmed with concentrated sulphuric acid, it 
dissolves with a blood-red color. Distilled with dilute gnlphurio 
acid and binoxide of manganese, it evolves quinone — a pungent 
and irritating vapor, condensing to a golden-yellow to dingy- 
yellow, crystallizable substance, heavier than water, in which it 
is but slightly soluble when- cold. 

Oaffetannic acid gives the green color with ferric salts. It 
reduces nitrate of silver, in the specular form, when heated. It 
is distinguished from the larger number of Tannic Acids by not 
producing precipitates with tartrate of antimony and potassium 
or with gelatin, but it precipitates cinchonia and qyinia (distinc- 
tion from Oatechuic acid). It gives a yellow precipitate with 
barium salts. 

By gradual addition of acetate of lead, in decoction of coffee, 
it is precipitated next after (the very little) citric acid. Pecom- 
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posing the precipitate with hydrosulphuric acid, and evaporating 
the filtrate, it is obtained in impure, yellowish mass. 

21. BOHEIC ACID. C,H,„0.. Boheatannic Acid. Amor- 

1 10 

phous, pale-yellow solid, caking by exposure to the air, melting 
at 100° C. to a waxy mass, very soluble in water and alcohol. 
Both aqueous and alcoholic solutions gradually decompose by 
evaporation in the air. It colors ferric salts brown. With 
baryta, in alcoholic solution, it forms a yellow precipitate, 
BaC^HgO^ . HjO. With acetate of lead, in alcoholic solution, 
it forms a grayish-white precipitate, PbC^HgO. . H^O, which can 
be washed with alcohol and dried at 100° C. 

It is separated from the quercitannic acid, in black tea, by 
precipitating the latter with acetate of lead in the boiling decoc- 
tion, filtering ; after twenty -four hours filtering again, and neu- 
tralizing the clear solution with ammonia, when the yellow basic 
salt is precipitated, PbO.PbC^HyO^. The latter may be 
decomposed in alcohol by hydrosulphuric acid, and the filtrate 
concentrated in vacuum or over oil of vitriol. 

22. QUrNIC ACID. C,H,,0,. Kinic aaid.— Identified 
by its physical properties and reactions (a) ; by its generation 
of quinone (^) ; by its reactions with a few metals (c). — 
Separated from cinchona bark, by crystallization from a solution 
freed from quinovic acid [d) ; from cinchona bark, coffee, or bil- 
berry, by precipitating its calcium salt from a sufficiently purified 
solution by adding. alcohol (e) ; from substances forming insoluble 
compounds with neutral acetate of lead by the solubility of its 
normal lead s&]t. ^r.J}etermi7ied gravimetrically as calcium 
salt (c). 

a. Colorless, monoclinic prisms or prismatic tablets, melting 
at 161° C. (322° F.), at higher temperatures evolving combus- 
tible gas, phenic acid, hydroquinone, etc. It is freely soluble in 
w^ater, slightly soluble in alcohol, nearly insoluble in ether* Its 
solutions have a sour ,taste and redden litmus. It is dejiqueijcent. 
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J. Distilled with moderately dilute sulphuric acid and 
binoxide of manganese, it yields an abundant yellow crystallme 
sublimate of quinone, recognized in very small quantities by its 
irritating odor, exciting tears. Farther, aqueous solution of 
Quinone is colored brown by ammonia, and yellow-green by 
chlorine wat**r ; it stains the skin brown. 

c. Quinic acid decomposes carbonates. Its metallic salts are 
soluble in water, except the basic quinate of lead, but are insolu- 
ble in alcohol. It prevents the precipitation of many metallic 
oxides by alkalies. Quinate of silver is white, and bears the 
heat of the water-bath. The quinate of calcium, crystallizes 
>vell from water solution as Ca(C^H,jO,), . 6H,0, which loses 
all its water of crystallization at 120° C. (248° F.) Or, it may 
be precipitated from solution of alkaline quinates by adding 
chloride of calcium, ammonia, and alcohol. The basic quinate 
of lead is precipitated by adding, to solution of alkaline quinate, 
basic acetate of lead, or normal acetate of lead with ammonia. 
It is somewhat soluble in solution of basic acetate of lead. It 
is variable and instable in composition. 

d. The aqueous solution obtained by macerating cinchona 
hark two or three days (and from which the alkaloids may have 
been removed by acidulating with hydrochloric acid and then 
adding an excess of soda and, after a few hours, filtering) is 
treated with solution of acetate of lead to precipitate the quino- 
vic and quinotannic acids, and filtered. The filtrate is evaporated 
to a syrupy consistence, to crystallize the quinic acid. 

If it be desired to separate the Quinovic acid, the solution of 
acetate of lead (as above) is not added to complete precipitation, 
and the precipitated quinovate of lead is decomposed, in water, 
by adding very dilute sulphuric acid, drop by drop, with great 
care, to avoid excess. The precipitate being removed, the filtrate 
is concentrated for crystallization of the quinovic acid. 

If the Quinotannic acid is to be obtained, the precipitation by 
acetate of lead is left incomplete, as directed next above, and the 
filtrate concentrated as previously directed for quinic acid. 
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With the crystals of quinic acid there will now finally deposit 
amorphous or oily quinotannie acid. This may be separated by 
washing with ether ; on evaporation of the ether the quinotannie 
acid is obtained. [Thesis of R. M. Cotton, Univ. of Mich., 1874.] 

6. Ailer precipitating the alkaloids from decoction of cin- 
chona hark with lime, according to the United States Pharma- 
oopoeial preparation of quinise sulphas, the filtrate is concentrated 
to a small bulk, filtered if necessary, and then alcohol is added 
to precipitate quinate of calcium. Or, the filtrate is concentrated 
to a soft solid, washed repeatedly with alcohol, and dissolved in 
enough water to allow the quinate of calcium to crystallize. 

Fresh bUberry plant (vaccinium myrtillus), collected in 
May, is boiled with water and lime ; the solution is evaporated, 
and alcohol added to precipitate the quinate of calcium, which 
requires purification by recrystallization from water. 

Thoroughly dried or moderately roasted coffee beans, coarsely 
powdered, are exhausted by boiling with water ; the decoction, 
mixed with milk of lime, is concentrated, filtered, evaporated on 
a water-bath to a syrup, and precipitated with alcohol as above. 

The quijiate of calcium obtained from any of the above 
sources may be purified from tannic acids and some coloring 
matters by adding solution of neutral acetate of lead to the 
aqueous solution of quinate of calcium, filtering out the lead 
precipitate, and removing the excess of lead from the filtrate by 
hydrosulphuric acid, when the last filtrate may be concentrated 
to crystallize. Quinic acid may be obtained from quinate of 
calcium by precipitating the aqueous solution of the latter by 
basic acetate of lead, and removing the lead from the precipitate 
by hydrosulphuric acid. 

23. QUINOVIC ACID. C.^H^.O,. Kinovic Acid. 
Quinovin or Kinovin. Quinova bitter or Kinova bitter. — An 
amorphous solid, having a very bitter taste, nearly insoluble in 
water, very soluble in alcohol, slightly soluble in ether, soluble 
in chloroform. (According to Dk Vrii, chloroform dissolves 
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from <<quinova bitter" a portion which he designates as 
" quinovin," leaving << quinovic acid " insoluble in that menstruum 
and little soluble in alcohol.) Dry hydrochloric acid gas, acting 
on a strong alcoholic solution of quinovic acid, transforms the 
latter into an acid and a sugar. The new acid has very nearly 
the same solubilities as the original acid, but a different compo- 
sition (C,^H,gO^), and forms definite salts with metals. 

Quinovic acid forms a soluble calcium salt, and hence it is 
dissolved frotn cinchona hark by boiling with milk of lime. 
From the solution, sufficiently concentrated, hydrochloric acid 
separates the quinovic acid, insoluble in water. It may be 
purified by crystallization from alcohol, or by repeated precipita- 
tion from alcohol by water. For the separation of quinovic, 
quinic, and quinotannic acids, each from the same portion of 
bark, see Quinic Acid, d. In the manufacture of cinchona alka- 
loids, the acidulation of the water by which the decoction is 
made interferes with the solution of quinovic acid, which may be 
at least partly left in the residue. 

24. CX>i:inMBIC ACID. C^jH^.Oj.. Colombic acid. — ^An 
amorphous solid, precipitated in white flakes, left as a yellowish, 
varnish-like residue on evaporation of its solutions. It is soluble 
in alcohol, nearly insoluble in water or ether, its solution being 
markedly acid. It is precipitated by neutral acetate of lead, as 
(PbO),(C,,H^,0„), when dried at 130° C. Acetate of copper 
does not precipitate it. 

In columbo rooty columbic acid probably exists in combination 
with berberina and perhaps also with inorganic bases. It can be 
separated by exhausting alcoholic extract of columbo with water 
or lime-water, and precipitating with hydrochloric acid. 

26. GENTIAIOC ACID. C,^H„0,. Gentisic acid. Gen- 
tianin. Gentisin. — Light-yellow, tasteless, solid, crystallizing in 
slender needles, not decomposed at 200° C, but carbonizing with 
partial sublimation at 300° to 400° C. It is soluble in 36 parts 
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water at ordinary temperature, readily soluble in alcohol, and 
moderately so in ether. Its solutions are neutral !» litmus. It 
dissolves in aqueous alkalies with a golden-yellow color. Strong 
sulphuric acid dissolves it yellow. Nitric acid, of specific gravity 
1 .42, and colorless, dissolves it green ; on adding water, a green 
powder, dinitrogentianic acid, is precipitated. This, on addition 
of alkalies, assumes a fine cherry -color. Chlorine forms a yellow 
precipitate in alcoholic solution of gentianic acid. The barium 
salt, Ba Cj^HgO^ . H^O, is an orange-colored precipitate. The 
lead salt is insoluble. 

Gentianic acid is separated from gentian root as follows: 
The powdered root is exhausted of gentian-bitter by cold water ; 
then pressed, dried, and exhausted with strong alcohol, and the 
alcoholic solution evaporated nearly to dryness. The residue is 
Washed with a little ether to remove fat, and repeatedly crystallized 
from alcohol to separate from resin. 

26. CARMTNIC ACID. 0,H,^0,. Carmine.— A purple 
amorphous solid, fusible but not decomposed at 136° C. ; soluble 
in all proportions in water and alcohol, and in sulphuric and 
hydrochloric acids w^ithout alteration, the solutions having d, 
bright purple-red color. Ether does not dissolve it. — In alco- 
holic solution it precipitates alcoholic potassa red changing to 
dark violet, and forms red precipitates with acetates of 3ead> 
zinc, copper, and silver. It is turned blue by sulphate of alumi- 
num, and yellow by stannous chloride.-^Carminic acid is a 
glucoside, boiling dilute mineral acids transforming it into 
carjnine-red and sugar. Carmine-red in mass is purple-red with 
a green reflection, soluble in water and in alcohol with red color, 
not soluble in ether. 

Carminic acid is separated from Cochineal by exhaustion 
with boiling water ; the solution precipitated by adding slightly 
acidulated subacetate of lead short of excess, the precipitate 
washed with water till tho washings give no precipitate with 
Inerouric ehloride, then decomposed by hydrosulphurid aoid and 
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filtered. The filtrate is evaporated and driefl bii the water-bath, 
and the residue extracted with alcohol. 

27. CHBYSOPHANIC ACID. Chrysophane. Rheio 
Acid. — A pale yellow or orange-yellow solid, crystallizing in six- 
sided tables or moss-like aggregates of scales, subliming with 
partial decomposition when heated. — Sparingly soluble in cold 
water, soluble in 1,125 parts of 86 per cent, alcohol at 30° C* 
(86° F.), or 224 parts of the same alcohol boiling, soluble in 
ether, benzole, and turpentine oil, the solutions having a yellow 
color. — It dissolves in aqueous alkalies with a very deep purple 
color, recognized in very dilute solution; the potassa solution 
\ipon evaporation deposits violet to blue flocks, which dissolve in 
water to a red solution. — It does not form stable salts* In alco- 
holic solution with alcoholic subacetate of lead it forms a reddish- 
white precipitate, becoming rose-red when boiled with water. In 
ammoniacal solution it is precipitated lilac by neutral acetate of 
lead, and rose-color by alum. — Strong sulphuric acid dissolves it 
unchanged ; strong nitric acid converts it into a red substance, 
containing chrysammic acid (produxjed from Aloes by nitric acid). 

Chrysophanic acid is separated from Rhubarb by exhausting 
the powdered root with alcoholic ammonia, precipitating with 
subacetate of lead and decomposing the lead compound by 
hydrosulphuric acid. From the Wall Lichen (Parmeiia 
parietina), the alkaline solution obtained as above is precipitated 
by acetic acid, the precipitate washed with water, redissolved in 
alkali and reprecipitated by (hydrochloric) acid. From the 
Rumex, an ethereal extract is obtained, and repeatedly dissolved 
in alcohol and precipitated by water. A method of purification 
•is to dissolve in boiling absolute alcohol and crystallize. 

28. G-AMBOGIC ACID. A resinous solid, hvacinth-red 
in mass, yellow in powder. Insoluble in water, soluble m 
alcohol, ether, chloroform, bisulphide of carbon — its solutions 
showing the yellow color when very dilute, and having a strong 
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acid reaction. It dissolves in the aqueous alkalies, with red 
color, and in solutions of fixed alkaline carbonates with expulsion 
of the carbonic anhydride. From alkaline solutions it is preci- 
pitated yellow by acids. — ^The solution of gambogiate of ammo- 
nia forms with barium salts a red precipitate ; with zinc salts, 
yellow ; lead salts, reddish-yellow ; silver salts, brownish-yellow ; 
and copper salts, brown precipitates. — It is bleached and decom- 
posed by chlorine, and decomposed with formation of nitrophenic 
acid by nitric acid. It is dissolved with red color by cold con- 
centrated sulphuric acid; addition of water precipitating it 
unchanged, 

20. BAira^AIJO ACID. Santalin. — ^A fine red, tasteless, 
and odorless crystallizable solid, melting at 104^ C. Insoluble 
in water, very soluble in alcohol, soluble in ether — the solutions 
having a blood-red color and acid reaction. Soluble in aqueous 
potassa, or ammonia, forming violet solutions, which precipitate 
alkaline earths. — ^The alcoholic solution precipitates lead salts, 
but not salts of barium, silver, or copper. The lead and barium 
salts are violet. 

Santalic acid is separated from Sandal-wood (red saunders) 
by obtaining, first, an ethereal extract, then from this an alcoholic 
extract, which is washed with water, dissolved again in alcohol, 
and precipitated therefrom by alcoholic solution of acetate of 
lead. The lead compound is washed by alcohol, then decom- 
posed in alcohol with dilute sulphuric acid. 
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80. BENZOIC ACID. HC,H^O,. IderUtJIed by its phy- 
sical properties, especially in sublimation (a) ; by its oxidation 
to nitrobenzole (Jb), and its deoxidation to bitter almond oil (c) ; 
by its reactions with metallic salts (d). — Distinguished from 
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Cinnamic acid by the action of permanganate upon the latter 
(see 31, h)\ from Hippuric acid by distillation with potassa; 
from Salicylic acid by the color of its ferric salt {d). — Separated 
from non-volatile and highly volatile substances by sublimation 
(a) ; from Succinic and many other acids by the alcohol solubility 
of its barium salt (d) ; from Succinic and Hippuric acids by its 
solubility and extraction from water solutions by chloroform or 
ether (c). — Gravimetrically determined as lead salt (c). 

a. A white solid, crystallizing in lustrous scales or friable 
needles ; odorless when pure, but frequently found having odor 
of benzoin, and rarely a urinous odor, of an acid and warm taste, 
and a strongly acid reaction. It is soluble in 200 parts of water 
at 15** C. (59** F.), in 20 parts of boiling water, in 3 parts of 
cold alcohol, in 25 parts of ether, in 7 parts of chloroform, and 
readily soluble in bisulphide of carbon, benzole, petroleum 
naphtha, and in fixed and volatile oils. Most of the benzoates 
are soluble in water, and many of them are soluble in alcohol. 

HydrocUorio aoid precipitates benzoic acid from solutions 
of benzoates, excess of the reagent not affecting the water solu- 
bility of benzoic acid as already given. Sulphuric acid dissolves 
benzoic acid, benzoic acid decomposes carbonates. 

Benzoic acid melts at 121** C. (250** F.), and sublimes at 
240** to 250** C. (464** to 482** F.) The vapors cause a sense of 
irritation in the throat and coughing. When slowly condensed, 
the sublimate is crystalline in minute needles. Benzoates heated 
with phosphoric acid evolve benzoic acid. — When mixed with 
3 parts slaked lime and heated gradually in a retort, benzole 
(119) is distilled. 

5. If benzoic acid is boiled with concentrated nitric acid, the 
mixture evaporated to a small bulk, and then strongly heated in 
a test-tube, nitrobenzole (120) is evolved, and will be recognized 
by its odor of bitter almond oil. 

c. When benzoic acid, dissolved or suspended in water, is 
warmed with a slip of metallic magnesinm, and very slightly 
acidulated with sulphuric acid, so that hydrogen is evolved. 
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^MUeit oHmond oU (benzoyl hydride, C,H,OH) ia produced, and 
recognized by its odor. 

d. Basic fbrrie chloride solution precipitates benzoates almost 
completely, as a flesh-colored basic benzoate (ferric Salicylate is 
blue violet). — Acetate of lead and nitrate of sUver give precipi- 
tates in solutions not too dilute. — Ammoniacal chloride of 
baritUXL with alcohol gives no precipitate (distinction and separa- 
tion from Succinic and many other acids). Hagnesluill benzoate 
is also soluble in alcohol (Succinate insoluble in alcohol). 

QuantitatiTe. — e. Benzoate of lead, precipitated from neutral 
benzoate by acetate of lead, washed with cold water or alcohol 
acidulated with one-half per cent, of acetic acid, and dried at 
100** C, may be weighed for determination of benzoic acid: 
Pb(C,H.O,), : 2H0,H,0, : : 1 : 0.54343. 

31. CmKAMIC ACID. HC,H,0,. Characterized by its 
physical properties and reactions in the dry way (a) ; its reac- 
tions with oxidizing agents (^) ; its reactions with metallic 
salts (c). — Distinguished from benzoic acid by action with 
oxidizing agents (J), by the color of its ferric salt and by its 
precipitate with manganous salts (c). — Separated from non-vola- 
tile substances by sublimation (a) ; from substances soluble in 
water and in dilute acid by precipitation of cinnamates by acids 
(a) ; from substances insoluble in ether by the action of that 
solvent ; from benzoic acid by manganous precipitation (c). 

a. A colorless solid, crystallizing (from vapor or solution) in 
monoclinic prisms or laminae, melting at 129° C. (264° F.), 
vaporizing at about 300° C. (572° F.) It is very sparingly 
soluble in cold, moderately soluble in boiling water, freely 
soluble in alcohol and in ether. The cinnamates of the alkali 
metals are soluble in water, those of the alkaline earthy metals 
sparingly soluble, the other cinnamates mostly insoluble, the " 
silver salt nearly insoluble. 

It is precipitated by water from its alcoholic solutions, and by 
hydrochloric acid from water solutions of its salts of alkali metab. 
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When slowly distilled, cinnamic acid evolves cinnamene, 
haviug a persistent aromatic odor resembling that of benzole and 
naphthalene together. Cinnamates subjected to dry distillation 
emit the odor of bitter almond oil. 

h. A saturated hot-water solution, acidulated with sulphuric 
acid, is treated with a few cubic centimetres of a one percent, 
solution of permaiiganate of potassium and warmed a few 
ininutes. If cinnamic acid is present, the odor of bitter almond 
oil becomes apparent. — Vitrio aoid with gentle heat, peroxide 
of lead in boiling solution, chromate and salpliTmc aoid with 

heat, evolve bitter almond oil (hydride of benzoyl) from cinna- 
mic acid: — in most cases with simultaneous production of benzoic 
acid. — Cinnamates with strong nitric aoid give off odor of 
cinnamon oil and bitter almond oil. 

c. Perric salts with cinnamates give a yellow precipitate; 
m^angaiioiu salts with excess of cinnamates give a white precipi- 
tate (none with benzoates) ; copper salts, a greenish-blue precipi- 
tate; acetate of lead, a precipitate not soluble in water, Pb 
(CjH^Oj),, from which alcohol washes out a part of the cinnamic 
acid ; nitrate of silver, a stable white precipitate, A^C,H,0,, 
insoluble in boiling water ; baric and calcic salts, precipitates, 
easily soluble in hot water, 

32. STJCCUnC AdD. H,C^H^O^. Characterized and 
identified by its physical properties (a) ; its resistance to oxida- 
tion ip) ; its reactions with iron, manganese, lead, barium, 
calcium, etc. (c). — Distinguished from cinnamic acid by the 
color of its iron salt and by not precipitating manganous salts 
(31, y^). — Separated from non- volatile materials by sublimation 
(a) ; from benzoic acid by insolubility of its barium salt in 
alQohpl; (30, <?), aad by i^s. i^so^ubiJUty^ in . Qhloitofcrro, QT ether ; 
from ciiinamiQ- acid, by- th^ solubility ojC roangauous jywjcijiate 
(30, c). — Determined by extraction with ammonia from the 
ferric succinate (d), 

a. Crystalline in the monodinic system, generally rbombia 
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or hexagonal plates. At ISO** C. (266® F.) it begins to emit 
suffocating vapors, at 130** C. (356** F.) it melts, and at 235*» C. 
(455** F.) it sublimes as succinic anhydride (C^H^OJ, which 
melts at 120® C. (248® F.) The succinic acid of commerce has 
usually more or less of yellow to brown color, and of the empy- 
reumatic and slightly aromatic odor of oil of amber; when 
pure it is white, and at ordinary temperatures odorless. Suc- 
cinic acid is soluble in about 13 parts of water at ordinary tem- 
peratures, in 2^ parts of hot water, in 30 parts of cold or 20 
parts of boiling alcohol, sparingly soluble in ether, not soluble 
in chloroform or benzole. — Succinic anhydride is more soluble 
in alcohol, but less soluble in water than the acid. — The sued- 
nates of the alkali-metals and magnesium' are soluble in water ; 
of the alkaline carth-metals, and of most other metals in diatomic 
salts, sparingly soluble ; ferric succinate, insoluble. 

b. Nitric acid, chromic acid, and chlorine are without action 
upon succinic acid. Cold permanganate solution does not affect 
free succinic acid, but with free alkali oxalic acid is formed with 
deposition of binoxide of manganese. 

c, Penic chloride,' better if slightly basic, precipitates from 
solutions of succinates a brownish-red bulky precipitate of basic 
ferric succinate. — ^Kangaiioiis salts do not precipitate succinates. 
— Acetate of lead and nitrate of silver, each, give white precipi- 
tates of normal succinates slightly soluble in water. — Ammoniacal 
chloride of barium with alcohol produces a white precipitate 
even in dilute solutions. 

QuantitatlYe. — d. The ferric succinate is precipitated from 
dilute solution of succinate by addition of ferric chloride, then 
acetate of sodium in excess, and then sufficient ammonia to 
nearly or quite neutralize the mixture. After boiling one-fourth 
of an hour, the precipitate is filtered out and washed, then boiled 
with excess of a five per cent, solution of ammonia and filtered 
and washed with ammoniacal water. The filtrate is evaporated 
on the w^ater-bath until it ceases to lose weight, and weighed as 
ISna^HC^H^O^. Or, for greater exactness, this salt while in 
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solution is treated with a weighed quantity of recently calcined 
magnesia, and the mixture evaporated and dried at 150° C. 
(302° F.) The increase of weight represents the succinic 
anhydride. 

dd. SAIJCfYIJC ACED. C^H^O,, (In most salts of this 
acid one atom of hydrogen, in a few salts two atoms, are replaced 
by metals.) — Crystalline, in monoclinic four-sided prisms or slen- 
der needles. Melts at 125° to 150° C. (257° to 302° F.) and 
sublimes at about 200° C. (392° F.) Its vapor causes irritation 
in the throat : it has a sweetish-sour taste. It has a decided acid 
reaction upon test-papers. — It is slightly soluble in cold, moder- 
ately soluble in hot water, freely soluble in alcohol and in ether. 
— ^The salicylates of the alkali metals are insoluble in water ; 
those of the alkaline earth metals sparingly soluble (that of cal- 
cium least) ; many of those of other metals not soluble. The 
dimetallic salts are less soluble than the monometallic.— ^With 
ferric salts, salicylic acid forms a deep violet color. 

Distilled or heated with methylio alcohol and concentrated 
snlphnrio acid, salicylate of methyl is evolved, having the odor 
of wintergreen oil. 

34. VEBATBIC ACID. C^^fl^* Crystallizes in slender 
speculse or four-sided prisms, which effloresce at 100° C, and melt 
at a higher temperature, then subliming without decomposition. 
It is sparingly soluble in cold, freely in hot water, soluble in 
alcohol, insoluble in ether — the solutions having a slight acid 
reaction. The alkaline veratrates are soluble in water and crys- 
tallizable ; the lead and silver salts insoluble. It dissolves in 
concentrated nitric acid, and when this solution is diluted it 
deposits nitroveratric acid, soluble in alcohol, from which it crys- 
tallizes in yellow laminse. 

Veratric acid is separated from sebaditta seeds (veratrum 
sabadilla) as follows : They are exhausted with alcohol acidulated 
with sulphuric acid, the solution is precipitated with milk of lime 
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and filtered) the filtrate-^containing veratrate of calcium — ^Is coa- 
centrated, treated with hydrochloric acid, and lefl in a cold place 
to crystallize. The crystals may be purified by dissolving in 
alcohol, and filtering through animal charcoal. 

35. PHSmC ACED. HC^^O. Purified Carbolic acid. 
Phenol. Phenylio alcohol. Coalrtar ox^osote^-^ Characterized 
and identified by its physical properties (a) ; by its. reactions 
with nitric acid (6), with ferric salts (c), with bromine {d) and 
chlorine {e), as a reducing agent (/), and with sulphuric acid 
(g), — Distinguished from Creosote by reacting with ferric salt 
in more dilute solution (c), by gelatinizing collodion, by greater 
solubility in ordinary glycerin, in bisulphide of carbon, and in 
ammonia water, and by crystallizing when pure (a). — Separated 
from Cresylic acid and other constituents of crude carbolic acid 
or from Fats by its greater solubility in water {h) ; from solu- 
tiou (in a greater quantity of) water by saturation with common 
salt {i) ; from admixture with (a smallei? quantity of) water or 
with other substances by treatment with chloroform or bisulphide 
of carbon (J) ; from Creosote, in part, by solution in water (A) ; 
from soaps by successive treatment with acid, water, and chloro- 
form {k) ; from fixed and volatile oils by hot water. 

q,, Phenic acid is a coloi'less-white solid, crystallizing in long 
needles of the trimetric system, melting at 34° to 41° C. (93° to 
106t° F.), aad distilling at 182° to 186^ C. (359° to 367° F.) It 
luMs a strong and persistent odor, resembling creosote but some- 
what aromatie, a biting taste, and (when concentrated) a bleach** 
ing and shrivelling efiect on the skin. It does not redden litmus. 
— It is soluble in 20 parts c^ water at ordinary temperatures, and 
di^soJiV«s two.o^.thfee per cent, of water, being thereby liquefied 
-•^ilQft ift d^liqufisoeat. in the air., ft is^sqljible. i;j;.ajl p^-opprttiona 
of alcohol, ether, chloroform, bisulphide of oarbo^^^ and glycerin 
(absolute or ordinary) ; in 20 parts of benzole ; readily soluble 
in fixed oils and many volatile oils, and in aqueous solutions of 
potQ^SiQt a^d §94a^^^XhQ l^sti-Qjam^d mixts^-es^ or, comjppunds^ 
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sometimes termed phenateS| are not of definite proportions, but 
are crystallizable, and are soluble in alcohol and ether. Phenio 
acid does not decompose carbonates, but mixes with aqueous 
alkaline carbonates. — It coagulates albumoi and gelatin and 
collodion (ether-solution of gun-cotton). 

h To a few drops (or a small fragment) of the material to 
be tested add a drop or two of concentrated nitrio add. Then 
add a slight excess of potassa, and if color has appeared dilute 
with water. The yellow color of nitrophenic acid (36, a) is 
apparent in 10,000 parts of water ; of the potassic nitrophenate 
in 50,000 parts of water ; the column having the depth of half 
an inch.* The nitrophenic acid may be extracted from water by 
benzole or ether. 

c. Very dilute solution of fbrric chloride gives a blue color 
with aqueous solution of phenic acid — the color being permanent 
(distinction from that of Morphia), but destroyed by boiling 
(distinction from that of Tannic acid). Oxalic acid destroys the 
color, and many organic substances prevent its formation ; it is 
not extracted by benzole or chloroform. 

In this test, the result is distinguished from a similar one with 
Creosote by the following precautions (Fluckioer) : 1st, take 
1 part of solution of ferric chloride of specific gravity 1.34, 
and 9 parts of the liquid to be tested (with pure carbolic acid 
the mixture has a yellowish hue ; with pure creosote, no color). 
2d, add 5 parts of 85 per cent, alcohol (with pure carbolic acid, 
a clear brown liquid; with pure creosote, a green solution), 
3d, add 00 parts of water ; with pure creosote, the result is a 
dingy broMnish color ; if phenic acid is present, a fine blue color 

appears. 

d. Bromine water gives a yellowish-white precipitate in even ^ 
very dilute solutions of phenic acid (the same with Creosote). * 

6. CSUorine gas (from chlorate of potassium and hydrochloric 
acid) forms a deep yellow color — chloride of phenyl. 

* Pbiscott : Proceedings Am. Fhar. Aaso., xiz., 560, and Chenu Kew% 
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f. Alkaline cuprio solution is not reduced by (pure) phenie 
acid (is reduced by crude << carbolic acid"). Mercury and silver 
salts are only slowly reduced by boiling with phenie acid (are 
reduced by impure). 

Permanganate solution is reduced by pure phenie acid, in 
solutions acid or alkaline, with separation of binoxide of 
manganese. 

g. With sulphuric acid — equal parts of the concentrated 
acids at 5290^ C. for a quarter of an hour furnishing the best 
result — Sulphophenic acid is formed (37). 

QiiantitatiTe. — ^A. Cresylic acid and other admixtures (as 
£Btts) nearly or quite insoluble in water may be approximately 
separated and determined by solution with 20 parts of water. 
In a cylindrical graduate of \ litre (or larger) capacity, place 
10 c.c. of the carbolic acid or mixture under examination, add 
200 c.c. of water, agitate, and set aside. Read from the bottom 
the number of c.c. of impurities. 

t. Phenie acid may be approximately separated from water 
solution by adding chloride of sodium as long as the latter dis- 
solves. If the operation be performed in a cylindrical graduate, 
as above, the layer of phenie acid is read from the top. 

j. Phenie acid may be approximately deprived of water and 
the amount of the latter ascertained by mixture with chloroform 
or bisulphide of earbon. In a graduate of a little more than 
^ c.c. capacity (a test>glass or test-tube may be graduated for 
the purpose), place 10 c.c. of the phenie acid under examination 
and add 10 c.c. of the chloroform or bisulphide of carbon, agi- 
tate, stopper, and set aside a few hours. Head off from the top 
the amount of water separated. — Phenie acid may be separated 
from various mixtures in the same manner ; for this purpose the 
mixture should be made neutral to test-paper, if not so already. 
The chloroform or bisulphide of carbon may be removed by 
evaporation in a warm place. 

k. In separation of phenie acid from soapSj the latter is 
decomposed by digestion with dilute sulphuric acid and hot 
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water ; when cold/ the fat acid is separated, by use of a wet filter 
if necessary, and washed with water ; and the water solution and 
washings exhausted with chloroform. The chloroform may be 
distilled from the phenio add, and if necessary the distillation 
repeated. 

36. inTBOFHENIO ACID. HC,H,(NO,),0. (Trinitro- 
phenic acid.) Trinitrophenol. Carbazotic acid. Picric acid. — 
Identified by its physical properties, especially its intense color- 
ing effects (a) ; its precipitation of alkaloids {h) ; its reactions 
with special reagents (c). — Separated from water solutions by 
extraction with chloroform, etc. (a) ; by crystallization as a 
potassium salt {d). — Determined &:& salt of ^nchonia (c). 

a. In bright yellow crystalline scales or in octahedrons of the 
trimetric system. It melts when slowly heated and afterward 
sublimes ; when quickly heated it explodes. It has a very bitter 
and somewhat acrid and sour taste, and when heated a suffocating 
odor and effect. It reddens litmus. 

It is soluble in 100 parts of water at 15° C. (59° F.) and in 
25 parts at 80° C. (176° F.), less soluble in water acidulated 
with mineral acids, and freely soluble in alcohol, ether, chloro- 
form, benzole, petroleum naphtha, and amylic alcohol. These 
solvents, which are not miscible with water, remove nitrophenic 
acid from water by aid of acidulation with sulphuric acid. The 
solutions have a yellow color, perceptible when very dilute ; 
except solutions in benzole, petroleum naphtha, and dilute sul- 
phuric acid, which are colorless. 

The colorless as well as colored solutions stain white paper, 
and more permanently stain the skin and fabrics of nitrogenous 
composition. 

The normal metallic picrdtes are all soluble in water, that 
of potamium being one of the least soluble, and requiring 260 
parts of cold or 14 parts of boiling water for solution. This salt 
13 insoluble in alcohol. — ^Many of the picrates explode more 
violently than the free acid, and oxidizable agents in intimate 
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contact facilitate eiploaion^ which may occur by trituration or 
pressure. 

b. Solution of salts of most of the ^^llrtt^^^yflff precipitate nitro- 
phenic acid or its soluble salts — the cinchona alkaloids, the opium 
alkaloids, except morphia and pseudomorphia, the strychnos 
alkaloids, veratria, berberina, colchicia, and delphinia, Deing fully 
precipitated from solution even when dilute and well acidulated 
with sulphuric acid. Morphia is precipitated from moderately 
concentrated solutions having little or no free acid. The preci- 
pitates are yellow, and are dissolved by hydrochloric acid. 
Compare 135, e. 

c. With ammoniacal cnpric sulphate solution, nitrophenic 
acid forms a green precipitate. — ^Potassic cyanide, or potassic 
sulphide, or grape sugar, with nitrophenic acid and excess of 
potassa, in hot solution, gives a blood-red solution (yellow when 
greatly diluted) from formation of iscpurpurcUe of potassium 
(the crystals of which are green by reflected light). — If ferrous 
sulphate is boiled in solution with nitrophenic acid, treated with 
excess of ammonia and filtered, the filtrate concentrated and 
acidulated with acetic acid, bright-red crystals of ptcramic 
ctcid are formed. Stannous chloride and several other 
reducing agents may be substituted for the ferrous salt. 
Picramic acid is nearly insoluble in water, but soluble in 
alcohol or ether. 

d. The graded solubility of potassic nitrophenate in hot and 
cold water and in alcohol (a) enables this salt to be almost per- 
fectly removed from solution, in beautiful crystals, by gradual 
cooling of the hot water solution, with gradual addition of alco* 
hoi after crystallization has ceased in the cold water. 

QiiantitatiYe. — e. Nitrophenic acid or a soluble salt of this 
acid is precipitated by a solution of sulphate of cinohonia acidu- 
lated with sulphuric acid, the precipitate is washed with water, 
dried at a very gentle warmth, then heated (and melted) on the 
water-bath and weighed. Cj^Hj^N, (0,H,[NOj,0), : SHC^ 
(N0,),0 : : 1 : 0.6123. 
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87. SniiFHOPHENIC AdD. lBiCJB,JBO^. Phenyl sul- 
phuric acid. Sulphophenylic acid. Sulphocarbolic acid. — Only 
preserved in its salts, which are stable and crystallizable com- 
pounds, decomposed by nitric aoid with the formation of nitro- 
pheuic acids (35, b), and very gradually decomposed by boiling 
in solution with formation of sulphates and phenic acid.* Free 
sulphophenic acid evolves phenic acid when heated to the boiling 
point of the latter. — The sulphophenates are all soluble in water, 
and mostly soluble in alcohol. 
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88. ULCnO ACID. HO^^O,. Charticterized by its 
physical properties (a) ; by the solubility and crystalline form 
of its salts (b) ; by the extent of its reducing power (c). — 
S^HzrcUed from many acids by the solubility of its lead salt in 
water, alcohol, and ether {d) ; from glycerin, sugar, etc., by the 
insolubility of its zinc salt in alcohol {J^) ; from tissues, etc., as 
below (e). — Determined by saturation with alkali {g) ; by weight 
of zinc or magnesium salt (A). 

a. Absolute lactic acid is a colorless, odorless, syrupy liquid, 
of a very acid taste. Pure, it has the spec. grav. 1.248; when 
75 per cent., the spec. grav. 1.212. Not volatile without decom- 
position ; not decomposed by heat below 130° C. ; at 145° C. 
vaporizes dilactic acid, at higher temperature lactide, both of 
which are converted to lactates by the alkalies. — Soluble in all 
proportions of water, alcohol, and ether; slightly soluble in 
chloroform. (Glyceric acid, C,H,0^, which resembles lactic 
acid, is insoluble in ether.) Concentrated sulphuric acid mixes 
with lactic acid without blackening it. Heated on platinum foil^ 
it leaves a slight carbon residue wliieh burns wholly away, 

* Pbbsoott : Chem. News, xzivt, 909. 
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h The metallic lactates are all soluble in water; being 
mostly sparingly soluble in cold, freely in boiling water. Cal- 
cium lactate is soluble in 9^ parts (sarcolactate in 12| parts) of 
cold water, soluble in alcohol, not in ether. Barium lactate is 
soluble in water and alcohol, insoluble in ether. Zinc lactate is 
soluble in 58 parts of cold, 6 parts of boiling water ; insoluble 
in alcohol (sarcolactate in 6 parts cold water and in 2.2 parts cold 
alcohol). Silver lactate is soluble in water and in hot alcohol. 
Lead lactate is freely soluble in water, sparingly soluble in cold, 
readily in hot alcohol, slightly soluble in ether. (Gly cerate of 
lead is but slightly soluble in cold water.) 

Calcium lactate (saturated with base) crystallizes in small 
white mammillated tufls, seen under the microscope to consist 
of delicate needles, some of which resemble a bundle of bristles 
bound midway between the ends. The acid lactate of calcium 
(supersaturated with acid) forms white hemispheres, compactly 
made of radiate needles, trimetric. Zinc lactate crystallizes 
from concentrated solutions in shining crusts, from dilute solu- 
tions in four-sided prismatic needles ; the crystals, Zii(C,H,0,)j. 
3H,0, lose their water rapidly at 100° C, and the salt decom- 
poses above 210** C. (Zinc Sarcolactate crystallizes in slender 
needles, Zn(C,HjO,),.2H,Oj losing their crystal water very 
slowly at 100° and giving off" empyreumatic vapors below 150°.) 
Silver lactate crystallizes from neutral solutions, in slender 
needles, grouped in nodules, quickly blackening in the light. 

c» Lactic acid does not reduce the alkaline solution of sul- 
phate of copper, but quickly reduces potassium permanganate 
from acid or alkaline solutions. 

d. Lactic acid may be separated from acids which form 
insoluble lead salts (and other insoluble bodies), according to the 
general method given at 40, g, either in alcoholic or aqueous 
solution. In a similar manner it is removed from insoluble 
barium salts, as soluble barium lactate, after saturation with 
carbonate of barium. The barium is then removed from the 
filtrate by precipitation with sulphuric acid and filtration, and 
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the sulphuric acid is removed from the lactic acid in the last 
filtrate by repeatedly adding a mixture of 1 part of alcohol and 
5 parts of ether and evaporating. 

e. Also, the fluid obtained by digestion and expression of 
tissues may be treated with sulphuric acid to fix albuminous 
matters, filtered, treated with alcohol and five times its weight 
of ether and again evaporated, filtering when necessary, till the 
sulphuric acid is removed. 

f, A (weighed) quantity of the material containing lactic acid, 
mixed with substances soluble in alcohol, is saturated in aqueous 
solution with oxide aC zinc, the mixture evaporated to dryness, 
the residue digested in alcohol and filtered. The filtrate will 
contain the substances soluble in alcohol ; the residue will contain 
zinc lactate, soluble in water. 

QiiantitatiTe. — ^. In the addimetry of lactic acid, one- 
tenth equivalent, 9.000 being taken, the required number of 
cubic centimeters of normal solution of alkali equals the number 
per cent, of HC,H,0,. 

Ji* Saturating with oxide of zinc or oxide of magnesium, 
filtering and washing with water, crystallizing or evaporating, 
and drying at 100^ C. : 

Mg(C,H,0,), : 2HC,H,0, : : 1 : 0.8911. 
Zii(0,H,0,), : 2HC,H,0, : : 1 : 0.7402. 



LIQUID VOLATILE ACIDS. 

SO. FOBMIC ACID. HCHO,. Identified by its odor {a) ; 
by its reducing power upon salts of the noble metals, permanga- 
nates, chromates, etc. — the radical CHO, being oxidized to H,0 
and CX5, — {h) ; by the color of its ferric salt in solution (c) ; by 
the odor of its ethyl salt {d), — Separated from substances less 
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Tolatile by distillation (/) ; from organic acids in general by the 
solubility of its lead salt in water [g) ; from acetic acid by the 
insolubility of its load salt and its magnesium salt in alcohol 
(h). — Determined by acidlmetry (J), or by oxidation to carbonic 
anhydride (k). 

a. The odor of formic acid is pungent, irritating, character- 
istic, slightly acetous, and of an intensity varying greatly with 
the strength and temperature of its solutions. In contact with 
the skin, it causes intense irritation. 

b. Vitrate of nlyer in concentrated solution gives, with 
solutions of formates, the white crystalline precipitate of formate 
of silver, not formed with free formic acid. The precipitate 
darkens upon standing a short time, and when warmed it is 
quickly reduced to metallic silver. In case the formic acid is 
free, or the formate in dilute solution, so that formate of silver is 
not precipitated, the reduction of metallic silver occurs slowly in 
warm solution. An excess of ammonia retards or prevents the 
reduction. Mercnric chloiide in hot solution is gradually 
reduced by formic acid, more readily by formates, a white preci- 
pitate of mercurous chloride forming first, then a dark gray 
precipitate of metallic mercury. Alkaline chlorides and acetic 
acid retard or prevent the reduction. Solution of potassle per- 
mang^anate is slowly decolorized at ordinary temperatures, and 
warm solution of chromio aoid is gradually turned green, by 
sufficient formic acid or formates. 

Chlorine and bromine oxidize formic acid to carbonic anhy- 
dride and hydr&cid. Nitric acid also decomposes it, likewise 
peroxide of mercury in boiling solution (removal from acetic 
acid, see {). 

c. Perric chloiide solution with formates produce a red solu- 
tion of ferric formate, 

d. With alcohol and sulphuric acid, at a gentle heat, formic 
acid becomes formate of ethyl, C^H^CHO,, an ether having a 
strong, agreeable odor, like that of peach-kernels, and distilling 
at about 55"" C. 
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e. Strong folphnrie add, at a gentle heat, decomposes 
HCHO, into H,0 and CO. Strong alkalies at a gentle heat 
convert formic acid into oxalates / at a higher heat carbonates 
are formed with liberation of carbonic oxide. 

f. Absolute formic acid distils at 100° ; the aqueous solu- 
tion, T7.5 per cent, of acid, at ordinary atmospheric pressure, 
boils at 107.1°, and mixtures containing larger or smaller pro- 
portions of water are reduced to this per cent, of acid and boil- 
ing-point by repeated distillations. A glycerin-bath may be 
used. Formic and acetic acids are not easily separated by frac- 
tional distillation. Dilute sulphuric acid is employed for the 
production of formic acid from formates. 

g. The formates are all soluble in water. Plumbic formate 
requires 40 parts of cold water or a smaller proportion of hot 
water for solution. Argentic formate is sparingly soluble in cold 
water, decomposed by hot water (b). Mercurous formate is the 
least soluble salt of this acid, requiring about 500 parts of cold 
water for solution. It is much more soluble by hot water, in 
which it decomposes. — In alcohol, the formates of lead, magne- 
sium, calcium, and barium are insoluble, the alkaline formates 
soluble. 

Formic acid is separated from far the larger number of 
organic acids by precipitation of the latter as lead salts. With 
free acids, the method given for acetic acid (40, g) may be 
employed, avoiding the use of heat in any part of the operation. 

h. Formic acid is separated from Acetic acid by saturating 
with magnesia, or with lead oxide or carbonate, adding much 
alcohol, filtering and washing with alcohol. In the preparation 
of formic acid, acetic acid is approximately separated by the 
crystallization of plumbic formate from water solution contain- 
ing also plumbic acetate. 

t. Formic acid is removed from acetic acids, or from other 
acids not very easily oxidized, by hot digestion with mercuric 
oxide, until effervescence ceases. EEgO and HCHO, form H,0 
and CO, and Hg. The filtrate will contain mercuric acetate if 
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acetic acid were present ; in fact, the presence of mercury in the 
filtrate indicates some other acid besides formic. Acids forming 
insoluble mercury salts may be obtained from the residue, by 
treatment with hydrosulphuric acid, filtration, and dissipation of 
the excess of hydrosulphuric acid in the last filtrate. 

Quantitative.—^'. Free formic acid may be determined by 
the ordinary methods of acidimetry. See 40, t,y. Or the acid 
may be saturated with pure carbonate of barium, and the 
formate of barium precipitated as a sulphate — ^BaSO^ : 
2HCHO, : : 1 : 0.395. 

h. Formic acid is quantitatively separated from acetic acid 
by precipitation with alcoholic solution of plumbic acetate, 
washing the precipitate with alcohol. The formate of had may 
be determined, after oxidation with ehromate and an acid, as 
carbonic anhydride. The lead formate, with solution of bichro- 
mate of potassium, is placed in an apparatus for determination 
of carbonic anhydride (from carbonates whose bases form 
insoluble sulphates), and decomposed by nitric acid, gradually, 
as the dry gas escapes, in the usual manner. CO, : HCHO, : : 
1 : 0.956. Or, the carbonic anhydride may be received in an 
ammoniacal solution of chloride of barium. BaCO, : HCHO, 
: : 1 : 0.233. 

40. ACETIC ACID. HC,H,0,. Identified by its odor (a), 
by the odor of its ethyl salt (5), by the odor arising from the igni- 
tion of its salts alone (c) or with arsenious acid (^, by the color 
of its ferric salt in solution (e), by the free solubility of its lead 
salt and the sparing solubility of its silver salt (f)* — Separated 
from less volatile or more volatile substances, by distillation (A) ; 
from the larger number of acids, by the solubility of its lead salt 
(g). — Determined as free acid, or in salts of insoluble bases, by 
its saturating power (t, j). 

a. Aqueous acetic acid evolves the odor of vinegar, which is 
pungent in proportion to the strength and temperature of the 
solution. Acetates impart the same odor in a very slight degree.. 
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b» The acetate of ethyl, 0,H, 0,H,O,, is obtained by warming 
acetic acid or its salts with folphuric acid and a small propor- 
tion of alcohol. It is recognized by its pungent and fragrant odor, 
ethereal, refreshing, and obscurely acetous. It distils at 74®, and 
may be cleared from acids and from water by contact with dry 
carbonate of potassium. It is neutral to test-paper, and is solu- 
ble in about ten parts of water. 

c. When ignited in a tube closed at one end, most of the 
metallic acetates evolve acetone, OJB.fi, a vapor of an agreeable 
odor, readily burning with a white flame. Liquid acetone 
boils at 66*^. 

d. If acetates are heated with fixed alkali and axtenions acid, 
the offensive odor of cacodyl is observed, As,(0,H,), H,0. 

e. Solutions of ferric salti^ with solutions of acetates (not 
with hydric acetate), form a dark red solution of ferric acetate, 
Pej(C,H,0,),, decolorized by strqng sulphuric or hydrochloric 
acid (distinction from Meconate), not decolorized by solution of 
mercuric chloride (distinction from Sulphocyanate), precipitated 
as basic acetate by boiling. 

f The metallic acetates are soluble in water, argentic and 
mercurous acetates being sparingly soluble and forming as crys- 
talline precipitates from concentrated solutions. Argentic acetate 
forms white, fine, scaly crystals, soluble in one hundred parts of 
cold water and in a smaller proportion of hot water. Mercurous 
acetate forms scaly crystals, sparingly soluble in water, more 
soluble in dilute acetic acid. The normal and basic acetates of 
lead are freely soluble in water. In alcohol^ mercurous and 
argentic acetates are nearly insoluble, mercuric acetate is 
slowly decomposed, normal lead acetate freely soluble, basic 
lead acetates sparingly soluble, the other- metallic acetates 
soluble. Zinc acetate crystallizes in hexagonal plates, very 
soluble in water. 

g. The solubility of its lead salt enables (free) acetic acid to 
be separated from organic acids in general (not lactic, formic, 
butyric, valeric) — ^in qualitative or quantitative iifork^-^as follpwsr 
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Digwt tbe adds in a doied lladc at a gentle beat with luiBcleiit 
ojdde of lead, nntU the mixture is Just alkaline.to litmus ; fitter 
and wash. For complete separation from tartaric acid, or other 
add haTing its lead salt appredablysolnble in water but insolnble 
in alcohol, the solution shoold be alooholio and the washing wholly 
by alcohol, avoiding the use of much excess of oxide of lead. 

Eesidue (▲) ; plumbic salts of organic adds (excess of oxide of lead). 

FUtrate (B) s plumbic acetate (basio and not freely sotuble in alcohol). 

Treat filtrate B, in a knug-neelDed fiask, with washed hydrosulphurie 
add gas, to complete predpitation ; filter and wash with water. 
Betuni the iUtrate and washings to the flask, Insert therein a glass 
tube and blow air from a bellows throu^ the same until the 
hydrosolpfauric add is expelled. 
Filtrate (c) : acetic add (lact&o add ; f ormio add ; batyilo add ; Talerio 
asid). 

Treat residue ▲ with washed hydrosolphnrlc add gas, untn the 
residue appears wholly black, as seen from beneath the TesseL 
Filter and wash, and expel the hydrosulphurie add from the 
filtrate by a current of air from a bcJlows, as- described aboTe. 
Filtrate (d) : adds whose lead salts are insoluble in water (or alcohol). 

A. Acetic acid boils at 119°. It may be distilled from a 
parafim or glycerin bath. In distillation from sulphuric acid, the 
acetic acid is liable to be oxidized to a slight extent, with pro- 
duction of carbonic and sulphurous anhydrides, the latter con- 
densing, with the acetic acid. For the acidimetry of the distillate, 
acetates should be distilled with phosphoric acid (or with 
hydrochloric acid, and the subsequent determination of the latter 
by standard solution of silver). Fractional distillation — ^with or 
without fractional saturation — ^may be employed in the separa- 
tion of acetic acid from other acids more or less volatile than 
itself. (See, also, Valeric acid, c.) 

QxuuLtitative. — L Free acetic add, in absence of other 
acids, may be determined by neutralization with an ascertained 
quantity of alkali. Different alkalies have been used in ftandard 
lolutioxL for this purpose — ^as soda, potassa, sodic carbonate, lime 
dissolved with sugar, ammonio-cupric sulphate. In the solid 
state, calcined magnesia, crystallized sodic c^rbpYiate, and potassio 
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bicarbonate have been employed. Also baric carbonate, the 
barium dissolved as acetate being then determined as sulphate. 

In testing colorless or slightly colored solutions with any of 
the standard solutions named above, except that of ammonio- 
cupric sulphate, the point of saturation is indicated by litmus ; 
but in case the acetic solution is colored somewhat, a little sul- 
phate of copper may be added, when the neutral point will be 
indicated by the cloudiness due to the commencing precipitate 
of hydrate of copper. With the ammonio-cupric standard 
solution, the solution determined must be very dilute, when 
saturation will be shown by the turbidity. In the use of cal- 
cined magnesia, saturation is indicated by the dissolving of the 
solid, as well as by the color of litmus. 

In the method with carbonate of barium, the acid is saturated 
with the pure carbonate; the acetate of barium filtered and 
washed from the excess of the reagent, precipitated by dilute 
sulphuric acid and weighed as barium sulphate, BaSO^ : 2S 
0,H,0, : : 1 : 0.615. 

The most convenient standard of solutions of alkalies are 
the ** normal solutions," operating upon one-tenth equivalent of 
the acid — ^H0,H,O, — 6.000 grams of the material. 

y. The acetic acid producible from acetates of bases insoluble 
in water may be estimated volumetrically, as follows : To a 
solution of 6.000 grams of the acetate, add normal solution of 
alkali to complete precipitation, noting the number of cubic 
centimeters used. Filter and wash till the washings do not 
affect litmus-paper. To the filtrate and washings, add of a 
normal solution of acid to the neutral point. The number of 
cubic centimeters of alkali used, minus the number of cubic 
centimeters of acid used, expresses the per cent, of acetic acid 
sought. 

41. BUTYBIC ACED. HO^H^O,. Identified by its odor 
(a); by the odor of its ethyl salt {J>)\ by its liquidity, 
solubilities, and the properties of its salts of lead, barium, and 
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other metals (e).^^Separated from acids having higher or lower 
boiling points by fractional saturation and distillation (d); from 
many acids by the solubility of its lead salt in water, and from 
other acids by the solubility of its lead salt in alcohol (c. See 
process g, under Acetic acid). — Determined by saturation (g) ; 
by ultimate analysis. 

a. The odor of butyric acid is like that of rancid butter, but 
somewhat less offensive, and obscurely acetous, closely resem- 
bling that given by slightly rancid butter when heated. It is a 
strong and persistent odor, not much diminished by dilution of 
the acid, but increased by warming it. The metallic butyrates 
are odorless, unless undergoing decomposition. 

h. Butyric ether — C^H^C^H^O, — is formed by warming 
butyric acid or a butyrate with alcohol and excess of gulphBric 
add. It has the odor of pineapples, by which it is readily iden- 
tified. It rises to the surface of aqueous mixtures, and may be 
decanted, and purified from acid by addition of chalk and from 
water by chloride of calcium. It is soluble in all proportions 
of alcohol and ether, very slightly soluble in water. It distils 
at 119° C. 

c. Absolute butyric acid is a colorless, mobile liquid, solidi- 
fied at very low temperatures, at 15° C. having a specific gravity 
of .974. It is aolvhle in all proportions of water, alcohol, ether, 
and wood-spirit. It is not soluble in concentrated solutions of 
freely soluble salts. The metallic huiyrates are all soluble in 
water; plumbic, argentic, and mercurous sparingly soluble; 
calcic freely soluble in cold water, but sparingly soluble in hot 
water. Plumbic butyrate is more soluble in alcohol than in 
water ; argentic butyrate less soluble in alcohol than in water ; 
baric butyrate very sparingly soluble in alcohol ; potassic buty- 
rate freely soluble in alcohol. 

Butyrate of lead is formed slowly on adding butyric acid to 
lead acetate as a heavy liquid which solidifies on standing. 
Alkaline butyrates, with lead acetate in moderately concentrated 
solution, give a milky precipitate, which afterward solidifies in 
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a white semi crystalline mass. A nearly saturated solution of 
butyrate of lead, left over sulphuric acid, deposits fine, silky 
needles which are anhydrous. Butyrate of silver is formed in 
shining scales by mixing moderately dilute solutions of nitrate 
of silver and alkaline butyrate. Butyrate of copper forms blue- 
green monoclinic crystals sparingly soluble in water (see Valeric 
acid, h), Butyrate of zinc crystallizes in shining scales. Buty- 
rate of barium is formed by saturating butyric acid with 
hydrate of barium, and crystallizes in the cold in long flattened 
prisms containing 2 aq. Butyrate of ccUcium, obtained in 
the same way, crystallizes in delicate needles, anhydrous. — 
Butyrates of lead, barium, calcium, potassium, and some other 
metals, rotate rapidly when dropped in small fragments 
upon water. 

d. Butyric acid distils unchanged at 157° C. Its separation 
from propionic, acetic, valeric, caproic, and other acids of conti- 
guous boiling points, is best accomplished by fractional saturation 
and distillation. (43. Also, see Valeric acid, c.) 

QiiantitatiTe. — e. Butyric acid has been determined by 
saturation with (10 parts of dry) bimmtll hydrate, and precipi- 
tation of the butyrate of bismuth with ammonia to obtain the 
oxide of bismuth, which is dried and weighed. Bi,0, : 6H 
C,H,0, : : 1 : 1.1282. 

42. VAIiEBIC ACID. HC,H,0,. Identified by its odor 
and taste, the odor of its ethers, and the taste of its alkaline 
salts (a) ; by its consistence, boiling point, solubilities, and the 
properties of certain of its metallic salts (b). — Separated by 
fractional distillation (c) ; by solubility of certain salts of lead, 
copper, iron, barium, zinc [d), — Determined by acidimetry (e) ; 
approximately, by solubility in water (y^). 

a. The odor of valeric acid is that characteristic of dried 
valerian root and of common valerian oil, in part like that of 
decayed cheese and also of butyric acid. When not diluted, it 
has a sour, burning, and disagreeable taste and caustic effect. 
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The alkaline valerates have a sweetish taste, with a pungent and 
alkaline afler-taste, and when moist exhale some odor of valeric 
acid. Ethyl valerate, evolved on warming valeric acid or its 
salts with alcohol and sulphuric acid, has an agreeable, fruity- 
odor. Amyl valerate, formed by heating valerianic acid with a 
very little fusel-oil and sulphuric acid, is characterized by a 
pleasant apple odor. 

b. Absolute valeric acid (<< monohydrate ^) is a transparent 
and mobile oily liquid, of sp. gr. of .937 at 15° C, boiling at 
175** C. With water it forms a definite hydrate — ^HO^HjO, . 
H,0 (" trihydrate ") — ^an oily liquid of sp. gr. of .950, boiling at 
165° C, but gradually dehydrated by distillation, the first dis- 
tilled portion containing the hydrate mixed with water, after 
which the absolute acid passes over. — Absolute valeric acid is 
soluble in 30 parts of water at ordinary temperatures; the 
hydrated acid in 26 parts. It is almost wholly removed from 
solution by saturation with freely soluble salts, as chloride of 
calcium or of sodium. It is soluble in all proportions of alcohol, 
ether, chloroform, and glacial acetic acid. 

The valerates of the alkali metals are deliquescent and freely. 
soluble in water and in alcohol ; of the alkaline earth metals, 
moderately soluble in water and in aqueous alcohol. Aluminum 
valerate is insoluble. Ferric valerate (basic) insoluble. Zinc 
valerate is soluble in 90 parts of water, and in 60 parts of 
alcohol of 80 per cent. Bismuth valerate (basic) insoluble in 
water ; silver valerate, slightly soluble in water ; lead valerate 
(normal) readily soluble in water, (basic) sparingly soluble in 
water ; mercuric valerate, soluble ; mercurous, slightly soluble ; 
cupric valerate, moderately soluble. 

The lead valerate crystallizes- in shining needles gathered in 
hemisphericiil groups ; silver valerate in white, shining plates ; 
copper valerate in green-blue monoclinic prisms ; mercury vale- 
rate in slender white needles ; zinc valerate in snow-white plates 
of pearly lustre. The sodium and potassium valerates melt at 
140° C, and solidify in amorphous cakes, white when pure. 
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Sodium valerate crystallizes, by spontaneous evaporation in 
warm and dry air, in cauliflower-shaped masses. — Many of the 
valerates rotate upon the surface of water when dropped in 
small fragments upon it. 

Silver valerate is precipitated from solutions of valerates 
not too dilute in a white curd, turning black in the light. — 
Solution of acetate of copper on agitation with concentrated 
valeric acid* forms anhydrous valerate of copper in oily droplets, 
which, after five to twenty minutes, crystallize as greenish-blue 
monoclinic prisms or octahedrons of hyd rated cupric valerate, 
soluble in a moderate quantity of water and in alcohol. (Dis- 
tinction from £%Uyric add, which forms in solution of acetate 
of copper, not very dilute, an immediate precipitate or turbidity 
of butyrate of copper, bluish-green and finely crystalline in 
monoclinic prisms — Lobocqub and Hubaut.) — Valerates are de- 
composed by acetic, tartaric, citric, and malic acids ; not by 
butyric acid. — Valerie acid decolors potassium pennanganato 
solution. 

c. Valeric acid is easily separated from Butyric acid by 
fractional saturation and distillation of the latter, the butyrate 
being wholly decomposed at the temperature of the less volatile 
acid, which remains in the retort as valerate (41, J). With 
Acetic acid, however, the more volatile acid is held by the base 
in the retort, while valeric acid distils over. In decomposing 
valerates for distillation of the acid, sulphuric acid may be em^ 
ployed, avoiding a strong excess. 

d. Valeric acid is separated from acids which form insoluble 
lead salts by the method given under Acetic acid, g. From 
acids forming soluble salts of ahuniniuily by the insolubility of 
aluminum valerate. — If a solution of a valerate made slightly 
alkaline to test-paper is fully decomposed by solution of ferric 
chloride, and after a short time filtered, the filtrate will be red if 
Acetic acid is present. *•' A solution of valeric acid in 60 parts 
of hot water, saturated with hydrated carbonate of zinc, yields a 
liquid which, when filtered and evaporated to 10 pa,rts and 



66 LIQUID VOLATILE ACIDS. 

cooled, afTords white pearly crystals of valerate of zinc. The 
mother-water, drained from these crystals, should not yield, by 
further evaporation and cooling, a salt crystallizing in six-sided 
tables and very soluble in water" (acetate). — Valerate of barium 
is soluble in 2 parts cold water, sparingly soluble in alcohol ; 
Caprylate of barium in 120 parts water, nearly insoluble in 
alcohol ; Caprinate of barium almost insoluble in water. 

Qxuuititative. — «. Free valeric acid, in absence of other 
acids, may be determined by normal volumetric solution of alkali. 
Weighing 10.2, the number of cub. cent, of alkali solution equals 
the number per cent, of HC^H,0, ; weighing 12., the number of 
cub. cent, equals the number per cent, of HC^H,0,.H,0. 

f, A weighed quantity of the acid (1 gram in a tared flask) 
should require not less than 26 times its weight of water at 16° 
to 18° C. for perfect solution (absence of alcohol, acetic acid, 
valerates, etc.), and should require not more than 30 times its 
weight for exact solution (absence of fatty acids, valeral, etc.) — 

DUFLOS. 

48. Formic, Acetic, Butyric, and Valeric acids may be 
separated from each other by Fractional Saturatton and 
Distillation^ as follows : (This method is generally applicable 
in fractional distillation.) — ^To one-half of the material to be 
distilled add enough potassa or soda to neutralize, and then mix 
with the other half and distil — with a thermometer in the retort 
or generating flask to show the boiling point — ^receiving the dis- 
tillate all together. If the boiling point has been constant, no 
farther separation can be effected by this method ; if not, saturate 
half the distillate, mix with the remainder, and distil as before. 
Repeat the fractional saturation with alkali and distillation of 
the free acid of the receiver until the distillate has a constant 
boiling point. Now to the several retort residues add excess of 
dilute sulphuric acid and distil each ; if their distillates do not 
show a constant boiling point, half saturate and distil, in each 
case, as before,^ until the boiling points are constant. Again 
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decompose and distil the retort residues, as before, repeating the 
operations until the 'whole of the organic acids is obtained in 
separate distillates, each showing a constant boiling point. The 
work may be tabulated as follows : 



Fractioiial Saturation and Distillation. 



Mixture of adds, a, 6, o, d, of different boiling points. 
Neatralize half the mixed acids and distlL 



In Retort : salts of e, d. 

Saturate with sulphuric acid and 

distil. 

(BoiL point changes.) 

Neutralize half and distiL 



In Extort : salt 
of d. 

Saturate with eal- 
phuric add and 
dista 

In BjECxiyxR : <2. 
(BoiLpt. consfnt.) 



In Reoxiyxr : e. 



(BoiLpt. consfnt.) 



In Reciovxr : a, h (boil, ixiint 

changes). 

Neutralize half and distil 



In RirroRT : salt 
of 6. 

Saturate with sul- 
phuric add and 
distil. 

InRxCjETtxr: &. 
(BoiL pt. const'nt.) 



In HxcxrvKR: a. 



(Boil. pt. const.) 



44. VOIiATILE FAT ACIDS of the Acetic Series. 

(Approaching towards these, in their properties, are the volatile 
acids of the acetic series which do not have a fatty consistence, 
though commonly termed " volatile fatty acids " — viz.. Formic, 
AcKTio [Propylic], Butyric, and Valerianic acids.) 
Caproic acid, HC, H„0„ boil, at 200**C., melt, at 9°C. 

(Enanthyc ACID, HC, H,,0„ " « 218°C., « below 20°C. 
Gaprylic acid, HC. H,,0„ " " 236**C., " at IS'^C. 
Pelargonic acid, HC, H„0„ " « 260°C., « " 10°C. 
Capric acid, HO,,H„0„ " with decom., " " 30°C. 

Characterized by their pungent and unpleasant odors (when 
free), by the persistent and fragrant odors of their ethyl ethers, 
by their liquid .and more or less oily consistence at ordinary 
temperatures and their capability of distillation, by their, sparing 
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Bolubilitj or insolubllitj in water and ready solubility in alcohol 
and in ether, by their acid reaction, by forming with alkalies 
salts soluble in water. 

Sqparated from each other by Fractional Crystalliation, 
as barium salts, as follows : Add to the mixture (aqueous or 
alcoholic) sufficient potassa to neutralize, and add chloride of 
barium to decompose. Crystallize, removing the successive 
crops of crystals : 



VaOX WATKK soLunov. 



Ut crop— bario caprate, 
dd ** '' pelargonate, 

8d *« '' caprylate, 

6th ** *< caproate. 



FROM AliOOHOI. SOLUTXOV. 

Ist erop-4)aric caprylate^ 
ad '* '« oenanthate, 

8d *' " pelaigonato, 

and caprate^ 
4th ** '< caproate. 



The aqueous crystal-crops may be washed with hot alcohol—, 
the washings containing the salts, successively, in order the 
reverse of their crystallization from alcohol. Thus, the third 
crop of crystals from water, when washed with alcohol, lose first 
caproate, then caprate and pelargonate, lastly oenanthate, with 
little loss of caprylate. 

Separated, also, by Fractional Saturation (43). 



FAT ACIDS, LIQUID AND SOLID. 



46. NON-VOLATILB FAT ACIDS. Characterized by 
an oily cansisteneey leaving a permanent oil-spot upon paper, 
and melting at different temperatures, mostly between 14° C. and 
80° C. ; by insolubility in water, upon which they mostly float 
(in oily drops or layers, liquid if the water is hot) ; by free solu- 
bility in alcohol, the solutions mostly having an acid reaction, 
and by solubility in ether ; by the (soapy) solubility of their 
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idkaline sdUa in water ; by the waxy consistence of their lead 
salts, which melt and do not dissolve in water and have difTering 
solubilities in alcohol and ether ; by forming white, milky preci- 
pitates when their alkaline salts in water solution are treated 
with salts of metals not alkalies, or with acids, also when (as free 
acids) their alcohol solutions are diluted with water. The avi- 
dity of drying oils for oxygen is a characteristic of their acids. 
(See Fixed Oils.) 

The nine following are some of the more frequently occurring 
non-volatile fat acids, placed in order of their fusibility : 

46. RiciNOLKic Acid. HO,.H..O.. Melts at 10° to 6® C. 
(14** to 2P r.). Yellowish, syrupy, inodorous, of harsh and per- 
sistent taste ; reddens litmus, and in alcoholic solution decom- 
poses carbonates with effervescence ; distils an illy-smelling 
liquid ; its glyceride and all its metallic salts soluble in alcohol, 
its lead salt soluble in ether. When Castor Oil (ricinoleate of 
glyceryl) is heated on a sand-bath with a double volume of nitric 
acid of 25 per cent., until the nitric acid is all removed ; the resi- 
due saturated with concentrated solution of sodium carbonate — 
the characteristic odor of cenanthyc acid is obtained. 

47. Oleic Acid. HC„H„0,. Melts at 14° C. (57° F.), 
soft above 4° C. (39° F.) Colorless, limpid liquid of sp. gr. 
0.808, odorless and tasteless, crystallizing from cold alcoholic 
solution in white needles; reaction neutral, becoming acid on 
exposure to the air, by which it finally turns brown and rancid. 
Its lead salt (lead plaster) is insoluble in alcohol, slowly soluble 
in ether (separation from palmitate, stearate, laurate, etc.) Dis- 
tilled with nitric acid, all the volatile acids of the acetic series are 
found in the distillate. 

48. LiNOLKio Acid. HC„H,^Oj1 Melt«r at about 18° C. 
(64° F.) ; faint yellow, limpid liquid of sp. gr. 0.921, of taste at 
first mild and afterward harsh f faintly acid to test-paper ; oxid- 
izes in the air to a thick, viscid mass, its salts, also, being changed 
in the air. Most of the linoleates are soluble in alcohol ; the 
lead salt is soluble in ether. 
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40. Ebucio Acid, 0„H,,0,. Melto at 34° C. (94° F.) ; 
crystallizes from alcohol in shining needles ; lead salt not soluble 
in ether (separation from Oleic acid). 

50. L AURIC Acid. H0,,H„0,. Melts at 43° C. (110° F.) ; 
solidifies in scales and crystaJlizes from alcohol in white needles ; 
slightly acid to test-paper ; lead salt sparingly soluble in alcohol, 
insoluble in ether. 

51. Mtristio Acid. HOj^H„0,. Melts at 54° C. (129° 
F.) ; crystallizes in shining laminae ; exceptional in being insolu- 
ble in ether ; the alcoholic solution has an acid reaction ; the lead 
salt is soluble in alcohol, but insoluble in ether ; the barium salt 
nearly insoluble in alcohol. 

52. Palmitic Acid. HOj.H„0,. Melts at 62° C. (143° F.) ; 
colorless, tasteless, odorless, showing an acid reaction ; lighter 
than water ; crystallizes, in congealing, in shining scales, from 
dilute solutions in slender needles ; lead salt insoluble in alcohol 
or cold ether ; barium salt sparingly soluble in water or alcohol ; 
calcium salt insoluble in water or ether, slightly soluble in warm 
alcohol. 

68. Stearic Acid. H O^.H^O,. Melts at 70° C. (159° F.) ; 
inodorous, tasteless, colorless in liquid and white in solid state ; 
crystallizes from alcohol in needles or nacreous scales, having the 
specific gravity of water ; its solutions distinctly acid to test- 
paper; lead salt insoluble in alcohol or ether, and not wetted by 
water and fusible at 125° C. ; barium salt insoluble in water, 
alcohol, or ether ; magnesium salt insoluble in water, and slightly 
soluble in cold, more soluble in hot alcohol. [For the fusing- 
points and modes of solidification of mixtures of Stearic with 
Laurie, Myristic, and Palmitic acids, as determined by Hsintz, 
see Watts's Dictionary, v., 414.] 

64. Cbrotic Acid. H.O„H,,0,. Melts at 79° C. (174° F.) ; 
crystallizes in congealing in small grains, lighter than water; 
when pure, is capable of distillation ; soluble in hot alcohol and 
in ether, not soluble in chloroform ; solutions acid in reaction : 
lead salt insoluble in alcohol. 
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66. The non-volatile Fat Adds are s^arated from neutral 
fats by saponification with fixed alkalies, lime, or oxide of lead, 
in each case effected by hot digestion in presence of water. 
Sometimes an alcoholic solution of alkaline salt is precipitated by 
alcoholic acetate of lead (the lead salt being insoluble in alcohol) ; 
in other cases, an alcoholic solution of lead salt is precipitated by 
alcoholic acetate of barium or of magnesium (such being the 
solubilities of the respective salts). Then the purified salt is 
decomposed in water with dilute acid. 

As in manufacturing operations, the neutral fats may be 
decomposed by superheated steam, with separation of the fat 
acids together. 

66. The fat acids are in some cases separated from each 
other by fractional fiision of their glycerides, with pressure. 
The melting point of the glycerides (the neutral fats), is given in 
59. The melting point of a mixture of free fatty acids is gene- 
rally much below the mean melting point of its constituents, as 
shown by the tables of Heintz mentioned in 54, and hence in 
many cases no separation can be accomplished by fractional 
fusion. Thus, free stearic acid can be freed from oleic but not 
from lauric, myristic, or palmitic acid, by this process. 

67. The use of solvents in separation— of the free acids or of 
their salts — is indicated to some extent by the statements of solu- 
bilities, given in tins work or elsewhere, and more particularly 
by the various methods of preparation of the acids in question, 
as found in Watts' Dictionary, Miller's Organic, Gmelin's Hand- 
book, and in original reports. 

Free fatty acids are separated from neutral Fat oils (not 
from castor oil), for commercial determinations, by extracting 
the oil with one or two volumes of 90 per cent, alcohol. The 
acid is then determihed volumetrically with soda solution.* 

Also, by alkaline oarbonatell^ which at ordinary temperatures 
saponify with fat acids but not with fats. Prepare a solution of 

* BUBSTTir : Z<itefeAr. AnaJU C%«m., zi., d88L 
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10 grams crystallized sodio carbonate, 1 gram sodio bicarbonate, 
and 30 c. c. water. Agitate, in a test-tube, equal volumes of this 
solution and of the oil, and set aside at ordinary temperatures. 
In absence of fat acids, the two liquids separate, more or less 
turbid ; if fat acids are present, an emulsion is formed (from 
which a cream rises after some time). Old fat oils usually con- 
tain traces of fat-acids, scarcely indicated in this test. 

66. For the quantitaiive determination of free fat-acid in 
mixture with neutral fats, digest 10.0 grams of the oil with 2.5 
grams of pulverized sodic bicarbonate and 25 drops of water, on 
a water-bath, with trituration, for an hour. When cold, extract 
with petroleum naphtha, stirring; evaporate the naphtha, and 
weigh the neutral fat so separated. Benzole is not applicable in 
this separation. 
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50. FIXED OILS. Fats or Fat-oils. Glycerides of the 
non-volatile fat acids. (The following list includes those of most 
frequent occurrence in commerce.) 

a. Liquid at ordinary Temperatures. 

aa, Dbtino Oiu (not tormino Eulidin). 

Spec, grav, Ckmqeal. pt 
HempHwed, . . 0.926 -26* C, -18* F. Greenish when fresh, afterward 

brownish-yellow ; unpleasant 
odor and insipid taste. 

. .018 -IS* C, f * F. Yellow to brownish ; nearly odmr^ 

lees, of mnilA taste. 

. .084 -SfT C, -17* F. Gold-yellow to brownish ; strong 

odor and taste. 

. .924 -18* C, 0*F. Btraw-yellow; limpid; feebly plea- 
sant odor and taste. 

. .026 -1S*C., 0*F. SlighUy greenish or yellowiflh ; 

thick ; nearly odorless, of mild 
natty 



Grap e s ee d, 
linseed, . 
Poppy-seed, 
Walnut, . 



lb. Oils dbtino to ▲ buoht iztxht ahd slowly pobmino ▲ Lnrui 

Elaiddt. 

Spec, gran. Congeal, pt, 
Beecfaiinty . . .900 -18* C, 0* F. Yellowish ; nearly odoideflB and of 

amildtaste. 
CottonwBeed, . . .926 VC^ 84* :p. TeUoworbrownish-yeUowtooolor- 

lesB ; -of mild taste. 
Croton, . . . .943 Clear, sUghtlj jeQow ; of a taste at 

first mild and then bnminff and 

persistent ; causes pustules on 

the skin. 
Sesame, . . . .931 0*C., 83*F. Tellow ; of mild odor and taste. 
Suttflowsr, . . ^901 -16* C, i»* F. Yellowish ; limpid ; nearly odor* 

lees and tasteless. 

CO. Oils not bbtdtg, but .not vobiuno Elaiddt. 

Ckxl-llver, ... .980 below 14* F. Clear yellow to red-brown ; acid 

reaction; charaoteristic ilshy 
odor and taste. 

Whale,. ... .926 0*C., 82* F. Brownish; of characteristic dis- 

a gi u ea bls odor and taste. 

<fci. NoN-DRYura Oils, lORMiNa EuuDDiir. 

Almond, . . . .918 -20* C, 4*F. Clear straw-yellow; limpid; in- 

odoroosy of a bland, sweetish 
taste. 

Castor, 968 -15* a, 6* F. OdorlesB or slight yellow ; syrupy: 

odorless, of mild taste witii acrid 
after-taste. (Sometimes classed 
among the slightly dr3ring oils.) 

Colsa, 914 -8*C., 21* F. dear, yellowish ; limpid. 

Haselrnnt, . . .920 -19* C, -2* F. 

Lard, 915 10* to 0* C. Colorless or nearly so ; slight odor 

of lard. 

Hnstard (blade), .915 16* C, 5* F. Yellowish ; odorless, of mild char- 
acteristic taste. 

Mustard (white), .918 (not solidified). Similar to the above. 

Keatsfoo^ . . — (below 0* C.) Yellowish ; inodorous, of a bland 

taste. 

Olive, 9)i6 5*C. to2*C. Greenish or yellowish ; thick flow- 
ing ; of slight pleasant or no 
od<»* and mild sweetish taste. 

Sperm, . . . .876 — Limpid ; nearly odorless. 

Rape-seed, . . «914 -6* C, 21* F. Clear, yellowish ; disagreeable odor 

and taste* 
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b. Solid at ordikabt Txmpxratures. 



...... vrtowc 

CacMbuttar, . . . 95-to80*C. 

Lud, 28*to8rC. 

lUkm.Beel, . . . 86*to4D*a 



Tallow, Kuttoii, . 
Bpermaoelii, ... 
Wax, TeUow (Bees'), 
Wax, White, . . 



Mating. 
46* to 50* a 
88'to4rC. 
80* to 68* C. 
65*to60*a 



60. Fixed or Fat Oils are eharcusterized by their oily con- 
sistence and the physical properties stated above ; by their solu- 
bilities (a) and cohesion-figures on water (6); by a neutral 
reaction ; by saponification — ^forming soapy-soluble compounds 
with alkalies and waxy compounds with lead oxide (o) ; by 
giving reactions for glycerin [d) ; by the precipitates obtained 
from their soap-solutions (e) ; by either oxidizing to a viscid 
mass in the air (y), or forming elaidin with nitric acid (ff) ; by 
their sensible reactions with special reagents (A). 

a. Insoluble in water, upon the surface of which they float. 
Mostly insoluble or slightly soluble in alcohol ; but Castor oil is 
soluble in all proportions of absolute alcohol, Spermaceti in 7 
parts of boiling absolute alcohol, and Wax partly soluble in 
alcohol. Soluble in Ether and in Benzole, less freely soluble in 
petroleum naphtha and in chloroform. (Solid fats are slightly 
soluble in petroleum naphtha ; liquid fats moderately soluble.) 
Miscible with volatile oils, not with glycerin. 

By violent agitation with water, fixed oils form milky mix- 
tures (emiUnons) from which the oil quickly separates in drops ; 
by agitation or trituration with water mucilages of gums, albu- 
men, gelatin, sugar, and of salts, more perfect mixtures are 
formed, from which the oil slowly separates as a cream, still 
containing a little water solution and holding the oil in its charac- 
teristic microscopic spheres. 

b. If a drop of oil is let fall upon a still surface of perfectly 
pure water, the oil spreads in a film which breaks into a figure 
{cohesion Jigure) or succession of figures, characteristic of each 
oil — ^fixed oils not being distinguished from volatile oils other- 
wise than from each other. The formation of these figures con- 
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stitutes a practicable means of identifying tfie separate oils, and 
even to some extent of recognizing them when in mixture.* 

c. Sapanificatian is effected in presence of water by digesting 
with excess of alkali for some time, or with oxide of lead at 
100° C. for a longer time. The alkali-soaps dissolve in water, 
the solution being slightly milky, and becoming more turbid on 
dilution, and dissolve in alcohol, but mostly refuse to dissolve in 
ether. The lead soaps of some of the &t acids are soluble in 
ether ; they are fusible, waxy compounds. See Non-volatile Fat 
Acids (45) • 

d* The glycerin formed in saponHication with oxide of lead 
or with lime, as above, when separated by the concentration of 
the clear water solution, renders evidence of its identity, by 
means of tests given under the head of glycerin (66). 

6. The alkali-soap solutions give white precipUcUes with solu- 
tions of salts of metals not alkaline, and with acids give white 
precipitates soluble in alcohol. 

J\ The Drtino Oils are recognized by not forming elaidin, 
when treated as stated in the next paragraph ; by drying to a 
resinous film when spread and exposed to the air, and by induc- 
ing elevation of temperature, and in many instances ignition, 
when diffused through a mass of wool or other porous material 
and exposed to the air. 

g. The Non-Drtinq or Elaidin-forminq Oils are known by 
reaction with peroxide of nitrogen. A concentrated solution of 
meronrie xdtratd, or nitric acid of brown-red color, may be used. 
For the reactions given in the following table,f a little of the oil 
is taken in a test-tube, an equal volume of nitric acid of about 
25 per cent, is added, the test-tube briefly shaken, a strip of 
capped turnings added, and the whole set aside at ordinary warm 
temperature, to be examined each quarter of an hour. 



* ToMUNSOir, KoiTAT : Cketn. Neum, 1800. CBAin : Am, Jour, 
Fhar.f 1874, Sept 

t Haoxb's UnUrwuehunffen, iL, 608. 
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TOSte tOE IBIttfa^'iw^ 



Oita. 



NomrdtYiAg 009, 
Almond: 

Bondik 

From tatttar •!• 
moods. 

Booe, .... 



-Caitor, .... 
liBrd, . • • . 



BMvHitfterKtof hows. 



Olive: 
Green, 



Yellow, . . . 



Rap e see d : 
Grade, . . . 



Refined, . . . 

Oils drying im- 
perfectly. 

Beech-nut, . . 



Ck>tfeonHMed, . . 



White; cloiidy. 



Whtte 4>r jeDo^rtUh 
white; more or leas 
turbid. 

Whitidi-yellow. 



WhifcUh. 
Whitish-yellow. 



B ss alt after sta ndin g ^ hoars to 

9 dATB. 



White dondiness, often 
modified by color of 
the oil. 

White or whitish dond- 
inesB. 



Yellow4ivowB to red- 
brown. 



Whitish-yelV to br'wn- 
yellow. 



Yellow or reddish-yel- 
low. 

Reddish-yel'wor brVn- 
ish. 



Red to dark red. 



WUte or whitish masB, gnma- 
3ar after shaking. APi^ears 
homo^^eneous after 8 to 12 hrs. 

Yellowish ; only partly sobdi- 
flod, with a surface layer of 
semi-liqniid. transparent oil. 

Nearly all solid ; a clear-Yellow 
oil laye^ with a whitish crys- 
talline finely gnunilar pieci- 
pitate. 

WhitiBh; solidifying after 8 
hours or earlier. 

Whitish or yellow- white ;some- 
wliat granular, with transpar 
rent spots ; rijnd ; sometimes 
with a half^iquid surface 
layer. 

White or yellowish-brown- 
white soUd, made gnomlar 
by shaking. The mass ap- 
pears uniform after 4 to 8 hra. 

Wnite oryellowish-whito masB^ 
granular after shaking. Af- 
ter 4 to 8 hours the surface 
appears nearly uniform. 

Redoish-yellow ; solidifying af- 
ter 16 to 24 hours and be«nn- 
ing brownish-yellow ; some- 
what granular after shaking, 
the granules eneloeed in an 
oil laver. 

Reddisn-yellow ; solidifying af- 
ter 16'to 2i hours and becom- 
ing yellow ; made granular or 
pasty by shaking, the gra- 
nulea oil-coated. 

Syrupy; nearly dear; after 3 
dajrsajust perceptible sepa- 
ration of ^lAirti^ 

Pasty or syrupy ; frequently 
diowingA dear erown-^dlow 
oU layer of one-half to ore- 
third tiie mixture. Appear- 
ance of aprecipt. after 1 day. 

Blackish yellowHtirown or red- 
brown; opaque; pasty. Af- 
ter 1 day a laraniparent oil 
layer sometimes appeals at 
bottom or top. 
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n 



Tests for TCIftidln — Continued^ 



oils. 



Besult aftev 3i to S hoars. 



Sunflower, . . 

Drying OUs, 

Hemp-seed, . . 

LiiiBoedy • • • 

Poppy-eeed, » . 



• • • 



Walnut, 

Non^rying Oil8 

notforming 

Maidim. 

\ Cod-liyer, . . 
Crotoo, 



• • • 



Yellowish or laintly 
reddish. 

Greeik- 

Scarc^y changed. 

Scarcely diianged. 

Scarcely c&aaged. 



Besolt after standibftg 8 hoars to 
2 days. 



Kot changed. 

Unchanged or 
clearer. 



Brownkh yellow. Pasty after 
I'day. 



Yellow ; liquid, nearly or quite 
clear. 

Reddishrbrown ; liquid and 
transparent. 

Beddiu ydflow-brown or red- 
dish yellow ; trauflpafent^ 
liquid. 

Yellow ; dear liquid. 



TeBowidb-red or reddldi4ir^ ; 

Hquid and tnou^tarent. 
TMek liquid ; dear. 



I 



If dtying are mixed loUh nonnirymff oiky the latter are 
eanljr detected ; the fornix only with greater eare. The elaidin 
mass remains partly liquid, or an oily layer separates firom it. To 
detect an intwmixtuse of drying oil, proceed (with & weighed 
quantity) as above directed, leaving the mixture about two days, 
theft set U aside at 22° to 25<> C. (72° to 77° F.) for 12 hours, 
and return it, without agitation, to ordinary temperature. The 
drying oil will now be found more or less perfectly separated 
from the elaidin. (For finding the proportion of the drying oil, 
bring a tared roll of blotting paper into contact with the mass, 
while the temperature is 8° to 10° C. [46° to 50° F.] The in- 
crease in the weight of the paper or the loss in the weight of 
the mixture approximates the weight of the drying oil.) 

h. Sulphuric acid, Nitric acid, Phosphoric acid, caustic 
Alkali, and Nitrate of Silver are the chief of the special rei^ents 
for color-tests of fixed oils. 

The test by aulphuric acid is applied as follows : About 8 
drops of the oil are placed in a watch-glass over white paper. 



78 



NEUTRAL SUBSTANCES^ LIQUID OR FUSIBLE. 



and then 2 drops of sulphuric acid of specific gravity of 1.820 
to 1.830 (not more concentrated) are dropped near the edge of 
the glass so as to flow upon the oil. The results are tabulated 
below: 

Solphurio Aoid Test. 



On.. 


Without BniiBiira 




Almond, 
Castor, 
Cod.Uy«r, . . 

Lard, . 
Linseed, 
OUve, . 

Poppy-seed, . 
Rape-seed: Crude 
** . Befined 
Whak, 


Clear ; yellow. 

A tinge of pale brown. 

Firrt yiolet^ then red. 

Brownish Tellow. 

Brown-red. 

Yellow. 

Yellow. 

Oreenish<-blne. 


Blackidi-yenow. 
Faintly blackish brown. 
Brown-red, with yiolet rim, 

flnaUy dark brown. 
Brown. 
Black-brown. 
Blacldsh-brown. 
Brownish olive-green. 
Greenish-blue. 

Brown-red to dark brown. 


Brownish-yellow. 
Red, afterward violet 



61. I^'tparation and Application of Heagents for Iden- 
tijication of Mxed Oik, according to the following table 
[Calvibt] :♦ 

(1) iSoda solution. Specific gravity 1.33. 4 parts of dry 
soda in 6 to 7 parts of water. One volume of this solution 
agitated with 4 to 5 volumes of the oil and heated to boiling. 
(The drying oils, so treated, form soft soaps; the non-drying 
oils, mostly hard soaps.) 

(2) SiUphtmc acid of spec. grav. 1 .475. Mixture of 10 parts 
of the acid of spec. grav. 1.840 and 7 parts of distilled water. 
One volume is mixed with 5 volumes of the oil and set aside for 
ten minutes. 

(3) Sulphuric acid of spec. grav. 1.530. Mixture of 10 parts 
of acid of 1.840 and 6 parts of water. Mix 1 volume with 5 
volumes of the oil and set aside for five minutes. 



* fhar. Jour., ziii., 856. 
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(4) Sulphuric acid of spec. grav. 1.635. Mixture of 10 parts 
of acid of 1.840 and 4 parts of water. Applied like reagent (3). 

(5) Nitric acid of spec. grav. 1.180. Mix 1 volume with 5 
volumes of the oil and set aside five minutes. 

(6) Nitric acid of spec. grav. 1.220. Applied as directed for 
reagent (5). 

(7) Nitric acid of spec. grav. 1.330. Applied as directed 
for (5) and results noted ; then an excess of the soda solution 
(1) is added and results noted again. 

(8) Phosphoric acid of syrupy consistence. 

(9) Sulphuric acid of spec. grav. 1.840 with equal measure 
of Nitric acid of spec. grav. 1.330. One volume of the mixed 
acids for 5 volumes of oil. 

(10) Nitrohydrochloric acid — ^from 1 volume of nitric acid 
of spec. grav. 1.330 and 25 volumes of hydrochloric acid. One 
volume of the mixture to 5 volumes of oil, noting the result. 
Then add excess of Soda solution (1), and again note the result. 
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62. Tests with ITitrate of Silyer. A two per cent, alcoholic 
solution of nitrate of silver is prepared : 0.5 gram of crystallized 
silver nitrate being dissolved in 1.0 gram water and mixed with 
25 c. c. of absolute alcohol. Now place 6 or 7 c. c. of the oil in 
a test-tube about 12 millimetres (0.47 inch) thick, add 2 or 3 c. c. 
of the silver solution, shake briskly to form a milky mixture, 
heat, without bringing the tube in contact with the flame, to 
boiling for a q.uarter of a minute, and set aside for an hour or 
two. A redvetion of silver, with darkening of the oil layer 
to brown, red^brown, or black, results from this test with 

Almond oil, from bitter almonds— colored after several hours. 

Bone oil — ^brown to black. 

Cotton-seed oil— brown to black. 

Lard oil. 

Linseed oil— darkens, red-brown. 

Rape-seed oil — brown-red. 

With the following oils there is no change : 



Almond oil, 

from sweet almonds. 
Beech-nut oil. 
Castor oil. 



Cod-liver oil, 
Hemp-seed oil, 
Olive oil, 
Sesame oil. 



68. Special asaminatioii of Butter. — S^pareUion offat9 
from non-fatty substances by melting («), by benzole (5). 
Identification of hityriny etc., by etherization after saponifica- 
tion (see Butyric acid, 41, 5). Distinction from (mixtures of) 
lard by treatment with sulphuric acid (c), by treatment with 
ether at 18.5° C. (d), or with petroleum naphtha at 10° to 15° C. 
(e) ; from foreign color by borax solution (j^). 

a. About 10 grams of the butter are melted in a large test- 
tube, by insertion in water of 50° to 60° C* (122° to 140° F.) 
for about an hour. The fats separate from a subsident layer of 
water, casein, salt, lactose, (foreign colars). The volume of the 
latter may be approximately ascertained by linear measurement 
on the tube. The fat layer from unsophistieated butter is dear. 
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and has a yellow color of a tint somewhat deeper than that ol 
the butter ; while the bottom layer is white, or at most but yel- 
lowish-white. (The bottom layer may be ^ at most ; from good 
table butter should not be over \,) 

b. In a lai^e and strong test-tube place 5 grams of the butter, 
melt by dipping in water at 60*» C. (140° F.), add fully an equal 
volume of beiixole> cork securely, agitate, and leave at about 
40° C. (104° F.) for an hour. The sediment separates more 
sharply and of thicker consistence than in a. — ^The sediment may 
be washed with benzole on a filter, and analyzed chemically and 
microscopically (see c, df, e). 

For the separation by benzole, a graduated tube may be 
used, as follows (Hoobn) : A glass tube is prepared, 20 centi- 
metres (8 inches) long, its upper two-thirds having a diameter 
of 2 centimetres (0.8 inch), its lower third narrowed and gradu- 
ated to tenths c. c, and its lower end closed. In this tube 10 
grams of butter are placed, melted by dipping in warm water ; 
30 c. c. of benzole are added, the contents thoroughly intermixed, 
and the tube set aside. Afler thirty to forty minutes, the ben- 
zole and fat will have separated from the water layer below — ^the 
amount of which may be read off. 

c. Take 2 c. c. of the fats separated by melting as in a, bring 
the temperature to about 30° C. (86° F.), add about 3 c. c. of 
concentrated snlphnnc add, and agitate gently to a complete 
mixture. With butter alone, the liquid remains of a yellow be- 
coming yellow-red color, clear and translucent, not darkening at 
ordinary temperature, and after half an hour becoming gelatinous 
and rather less translucent. If Tallow or Lard is present, the 
mixture afler a short time becomes darker, by aid of the heat 
generated by the acid, so that ajfler half an hour it is dark brown- 
red or brown-black. 

d. The butter is melted over the water-bath, and afler stand- 
ing the liquid fat is removed from the subsident layer. This fat 
is mixed in an evaporating dish with four or five times its bulk 
of hot water and left two or three hours. The solidified fat is 
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dried on blotting-paper^ introduced into a wide-necked flask, and 
covered with ether at a temperature of 18.6° C. (65.3° F.) If 
the butter was pure, the fat fully dissolves to a clear, lemon- 
yellow liquid. If the butter contained Lard, the fat is in some 
part insoluble in ether at this temperature, and the mixture is 
left milky or thick, depositing a (finely granular) sediment on 
standing. Tallow of beef or mutton gives the same results, the 
sediment being coarser than in the case of lard. The tempera- 
ture of the ether is the important condition in this test, and it 
must not be disturbed by contact with the hand. (Horslet.)* 
By special apparatus, closer observations are made with this 
test (Ballard) as follows: Select a test-tube 11 or 12 centi- 
metres (4 or 5 inches) long and about 2.5 centimetres (nearly 
1 inch) wide; and prepare a section of glass tubing of 1.3 to 
1.6 centimetres (a little over ^ inch) diameter, and 4 to 5 centi- 
metres (1^ to 2 inches) long, each end being slightly rimmed 
outward, and the one (lower) end bound over with a bit of thin 
canvas. Weigh the little tube, with the covered end, and place 
in it 1.5 grams of the butter to be tested, and in the test-tube 
5 0. c. of ether. Attach a thread to the small glass tube and let* 
it down into the ether, then close the test-tube with a cork, so as 
to hold the thread, and bind the cork over with leather. Im- 
merse the test-tube in water at exactly 18.5° C. (65.3° F.) and 
leave it an hour at this temperature. The cap is now removed, 
the small tube drawn up out of the ether by the thread (without 
removing the cork), and left at same temperature to drain. The 
small tube is now taken out, and while the top is closed by the 
finger the liquid is absorbed as far as possible by blotting-paper, 
the tube exposed to the air till free from ether odor, and weighed. 

IRA 6 cc siher. WUh IO0.0. «a«r. 

From 1.5 grams pure butter, remained 

insoluble, 0.18 grms. 0.14 j^ms. 

From 1.5 grams beef tallow, . . • 0.045 " 

From 1.5 grams lard, 0.9 « 

* VtspfSbatr, leo Chem. Kefws, Sept 11, 1874^ p. 185w 
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From equal parts talloTr and butter, . 0.6 grms. 
From J tallow and J butter, . . . 0.3 " 0.8 grms. 

From I lard and J butter, .... 0.15 « 0.8 " 

From ^ lard and | butter, .... 0.67 " 

e. The fat of butter, separated according to a, is treated with 
7 parts of petroleum naphtha at a low temperature — 10° to 15° 
C. — ^when the fat of butter dissolves, and tallow, or lard if over 
10 per cent., remains in sediment. 

J\ Boil gently, in a test-tube, 2 grams butter with 5 c.c. of 
oold-saturated solution of borax, and set aside to cool and sub- 
side. Butter not sophisticated leaves the borax solution nearly or 
quite colorless (with white turbidity) ; artificially colored butter 
leaves the borax solution more or less brown. 

64. The Fats are dbtebminbd in MUk — ^by separation 
with ether, from the milk (a), from the residue (ft) ; by opacity 
of the milk (c) ; approximately and for comparison by the 
volume of cream (rf). 

a. To 20 c.c. of milk add an equal volume of 10 per cent, 
solution of potassa (to hold the casein in solution), in a cylinder, 
and repeatedly extract with ether. Dry the ether residue at 
110° C. [Farther, see Phar. Jour., 1874, Sept. 5, p. 188 ; also 
Wanklyn's Milk Analysis, New York, 1874, p. 24.] 

ft. Evaporate 10 grams of milk — with 5 grams (^esh dried) 
eharcoal powder or 15 grams (just ignited) ferric oxide or baric 
sulphate — ^at 100° C, till the welglit is constant (total solids). 
Extract the residue, while dry (It being very hygroscopic), with 
ether, and dry the ether residue at IJO** C, 

c. Use of Vogel's Lactosoope, A test-gjass made of two 
semi-circular glass plates, set parallel and exactly 0.5 centimetre 
apart, to hold a liquid between. In a mixing gl^s, to 100 c.c. 
of water, add milk from a pipette, drop by drop, unti} tl^e diluted 
milk, when examined in the test-glass, cuts off t^e }|ght of a 
candle placed at 10 to 20 inches distance from the glass (the 
examination being made in a dark room). Dividing 28.2 by the 
number of c.c. of milk required (to obst^cjb the ligbt)^ t^ien 



adding to the quotient 0.23, the sum is the per cent, of fats in 
the milk. 

d. The milk is set in a (wide) graduated cylinder until the 
cream has fully separated, when its volume can be read off. 
(The volume per cent, of cream in cow's milk varies from 
5 to 14.) 

For Quantitative Analysis of Milk, see, farther, 167 and 168. 

65. Fixed Oils are separated from VokUUe Oils by 
extraction of the latter with alcohol (not applicable in case of 
castor oil, which is soluble in all proportions of absolute alcohol 
or in 4 or 5 parts of 90 per cent, alcohol). — They are also 
rcnoved from volatile oils by saponification with alkalies and 
wi-ter. — ^They are separated from substances soluble in water 
by action of that solvent ; from various solids by digestion with 
ether, bisulphide of carbon, benzole or petroleum naphtha ; from 
emtdsions by spontaneous separation in cream and melting of 
the latter, or by ether or benzole, with addition of alkali if 
necessary to prevent coagulation of the emulsifying substance. 

Fixed oils are in many cases separated f^om each other by 
fractional f\ision, according to differences of melting point as 
stated in the list, this means of separation being subject to the 
same limitations mentioned as pertaining to Fat Acids (56). — 
Drying oils are separated from non-drying by transformation of 
the latter into elaidin, as already directed.. 

86. GLYGEBIN. C,H,(HO),. CharaeteHzed hy its phy- 
sical properties (a) ; by the products of its decomposition when 
heated (5) ; by the limits of its reducing power and its inter- 
ference with precipitation of metallic bases (c). — Separated from 
solids by its liquidity at low temperatures ; from volatile bodies 
by their distillation; from sugar, gum, or gelatin by certain 
mixed solvents (a). Its proportion in mixture with water is 
determined from specific gravity, by use of a table. 

a, A colorless, syrupy liquid, of specific gravity 1.267 at 
IS"* C, no% congealed at 18^ C. (0^ F.), mostly separating as a 
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liquid during the freezing of its water mixtures ; distilling very 
slowly with steam at 100® C, slowly giving off vapor with partial 
decomposition at 120^ C. (348® F.), boiling with decomposition 
of the most part at 290® C. (554® F.) Odorless, and of a pure, 
sweet taste, and neutral reaction. Soluble in all proportions of 
water and of alcohol ; only very slightly soluble in ether, excess 
of which separates alcohol from it ; not soluble in chloroform ; 
soluble in a mixture of 2 volumes of absolute alcohol and 1 
volume of ether (separation from Sugar, Gum, Gelatin, etc.) ; 
soluble in a mixture of equal weights of chloroform and alcohol 
(separation from Sugar, Dextrin, Gum, Extractives — the mixture 
not acid) ; not soluble in benzole, bisulphide of carbon, petro- 
leum naphtha, or fixed oils. It dissolves nearly all oi^nic sub- 
stances soluble in water and many of those soluble in alcohol, 
most salts of alkaloids, and all deliquescent salts of metals. It 
dissolves baryta, strontia, and lime, with combination, and 
potassa and soda with gradual decomposition. It holds salts of 
iron and copper in solution not precipitated by alkalies. It dis- 
solves one-fifth per cent., each, of sulphur and phosphorus, 20 per 
cent, of arsenious acid, 10 per cent, of benzoic acid, 15 per cent. 
of tannic acid (as a waxy solid melting at the temperature of the 
body), and dissolves and preserves hydrosulphuric acid. It 
strongly absorbs water from the air. It dissolves iodine freely 
without decomposition, bromine sparingly with gradual decom- 
position, and is changed by chlorine and by nitric acid. It com- 
bines with strong sulphuric acid, without color or effervescence, 
as the instable glycerosulphurio acid. 

b. At its boiling point, as above, glycerin evolves stiffvcating 
vapors of acrolein, etc., which vapors may be condensed by ice 
to a liquid, chiefly acrolein, with some acrylic acid, acetic acid» 
etc. Acrolein is a very acrid body, boiling at 51® C. (124° F.), 
soluble in 40 parts of water. With acid sulphate of potassium, 
glycerin evolves acrolein at lower temperature. Decomposed 
and vaporized in an evaporating dish over a lamp or sand- 
bath, only a slight carbon residue remains, staining the dish 
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(distinction from mixture of Sugar, Gums, etc., which leave a 
puffy carbon residue) • 

c. Glycerin does not reduce hot alkaline sulphate of eoppor 
solution (distinction from Sugars, etc.) ; does not reduce nitrate 
of diver, even on addition of ammonia, if dilute and not heated 
(distinction from admixtures of Formic acid and certain empy- 
reumatic matters), but on boiling it does reduce ammoniacal 
nitrate of silver solution. (Acrolein, Butyric acid, etc., form 
white predpitates with silver nitrate, blackening on standing or 
heating.) At a boiling heat glycerin liberates iodine from 
iodic acid. 

d. As concentrated by evaporation in the air from a water- 
bath, glycerin retains about 5 per cent, of water. The U. S. 
Pharmacopoeia requires spec. grav. IJ25 ; the German Pharma* 
copoeia spec. grav. 1.23 to 1.25. 
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67. SOAPS. Alkcdi salts of Fatty acids (and of Resin 
acids). — CkaractervBed by their peculiar touch and consistence, 
solid or gelatinous; if solid, by melting or softening when 
warmed, and more readily if retaining more water ; by dissolv- 
ing in water to a slightly dpudy solution, viscid if concentrated, 
and made more turbid by dilution, also dissolving in alcohol 
(the solution being often turbid from &t8, alkaline carbonates, or 
other impurities) ; by their aqueous solutions being precipitated 
by salts of metals not a|kalies, or by acetic or stronger acids. 
In the last-named precipitation, the fatty acid will separate as a 
cream, and may be examined as provided under head of Fat 
Adds, and the base in solution determined by inorganic analysis. 



88 NEUTRAL SUBSTANCES^ LIQUID OB FUSIBLE. 

Soap solutions are precipitated, physicallj, by common salt, 
potassa soaps becoming soda soaps by double decomposition^ 
The oleate of potassa is (sparingly) soluble in ether ; otherwise 
the alkaline oleates, stearates, and palmitates are slightly or not 
at all soluble in ether. 

QuantitatiTe* — a. In determining the wester of soaps by 
direct evaporation, the fine shavings are exposed at first to a 
temperature of 40^ to 50° C, which is after some time increased 
gradually, so as not to fuse, to 100° C, the latter continued until 
there is no longer & loss of weight. Stearates so treated still 
retain about 2 per cent, water. — ^A more satisfactory determina- 
tion of the water is ejected by dissolving 1 to 3 grams soap in 
the least sufficient quantity of strcmg alcohol, adding a weighed 
quantity of fine sand, just dried, then evaporating, with tritum* 
tion, and drying at 110° C. — The water is also estimated as 
remainder after finding the fat acids, bases (combined, ft'ee, and 
carbonated), glycerin, resin, salts, color-substanceS| and foreign 
matter. 

h The amount of ctbeolvte soap i» determined from the fat 
acids approximately (GaiEOER) as calcium precipitate aft»r solu- 
tion in alcohol. Ten grams of the soap, in fine shavings, are 
dissolved in 90 c.c. of 90 per cent, alcohol, the solution made up 
by addition of alcohol to 100 c.c, left to subside, and 10 c.c. of 
the clear solution are taken out, diluted with water, and precipi- 
tated with calcic chloride. The precipitate is gathered in a tared 
filter, washed, dried at 100° C, and weighed. 100 parts of this 
precipitate indicate 101.5 parts of anhydrous soda soajK 

c. The fat acids also are determined gravimetricaUy, by 
weight as free acids, by intermixture with beeswax (Hager), as 
follows : 10 grams (^ the soap at'e dissolved by wartning in an 
evaporating dish in about 50 c.c. water, and the solution treated 
with 6 c.c. of hydrochloric acid of spec. grav. 1.1:^, or 9 c.c. of 
dilute (1 to 5) sulphuric acid, or enough to cause an acid reaction. 
Ten grams of pure dry beeswax are added, and melted, and the 
whole set aside to cool. The solidified mass is now careftdly 
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removed from the solution, dri«d with blotting-paper, and, 
weighed; the weight being diminished by 10 grams gives the 
amount of fat acids [and resin]. 80 parts of fat acid indicate 
about 100 parts of good dried (soda) soap (Haoer) ; 11 parts 
fat acid represent an average of 12 parts of solid fat. — According 
to Jean ( Ghem, News, xxvi., 206) the fat acid? are estimated 
from the combined alkali (e), 12.6 parts of which (soda) unite 
with 100 parts anhydrous fat acids. 

VoHL {Jour. Cfwin. Soc,, 1872, 934) separates^ the fet acids 
(and resin) by a limited quantity of petroleum naphtha. Ten 
grams of soap are dissolved in warm water, then decomposed by 
hydrochloric acid in a cylindrical vessel, and the solution, at 
20^ C, extracted with about 10 grams of petroleum naphtha. 
This solvent is afterward evaporated in a tared dish at 30° C.^ 
dried at 100° C, and the residue weighed as fat acids. As to 
Resins in this process, see ^. 

d. The fat acids may be approximately determined by the 
volume of their supernatant layer, after acidulation, in a gradu- 
ated cylinder (Buchner). 1 c.c. equals 0.93 grain. The weight 
of fat acid plus -^ equals the weight of fat ; arid 1 00 parts of f»t 
correspond to 155 parts average hard soap. 

e. Pons recommends 9k volumetric determination of fat acid 
by solution of calcium chloride; on which is based a valuation 
of the soap, taking average Marseilles soap— 64 per cent, fat 
acids, 6 per cent, soda, and 30 per cent, water — as a standard op 
unit of value. One gram of this standard soap will precipitate 
0.1074 gram calcium chloride (or 0.2532 gram barium nitrate) ; 
or 10. of soap, 1.074 of calcium chloride, the latter quantity 
being dissolved to make 1,000 c.c. [1.074 of calcium chloride 
may be obtained by dissolving 0.9675 of pure calcium carbonate^ 
the solution being obtained exactly neutral.] Ten grams of the 
soap (carefully averaged) are dissolved in 100 c.c. of 85 per 
cent, alcohol — ^insoluble material being removed by decantation 
or filtration, and washing — and distilled water is added to make 
the liquid measure 1,000 c.c. In a stoppered flask of 60 to 80 
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C.C. contents, place 10 c.c. of the standard calcium solution, and 
add, from a burette measuring tenths cc, the prepared soap 
solution, shaking afVer each addition until a foam remains on the 
surface (as in the soap test of hard waters). The number c.c. 
used contains as much soap as 10 c.c. of corresponding solution 
of standard soap would contain. Hence divide 10 by the number 
cc. used, and the quotient expresses the value of the soap tested, 
as compared with the standard. 

For the separation of the fat acids from each other, a work 
of difficulty, see under Fat Acids (55-57). 

/. Uhcombined fat can be extracted from soap (previously 
dissolved as far as possible in water) by petroleum naphtha at 
the temperature of 20^ C. (Compare, under Butter, 63^ 
d and «.) 

g, JResin can be extracted from dried and pulverized soap 
by means of .benzole, which dissolves only traces of the soap. — 
Or, the solution of fat acids in a little petroleum naphtha (a 
quantity equal to that of the soap) — as obtained by Yohl's 
process, given in c — contains the resin, which is now precipitated 
on diluting largely with petroleum naphtha. The precipitate 
subsides. — ^Also, when the fat acid (and resin) are treated with a 
mixture of water and a nearly equal volume of alcohol, the resin 
is dissolved out. 

A. Soap may be precipitated from cold water solution by 
saturated solution of common saU (free from earthy bases), and 
washed on a filter with the same salt solution, with but little 
loss, the uncombined alkali (and alkaline carbonate) and the 
glycerine being contained in the filtrate and washings. The total 
of alicali in this filtrate may now be determined by volumetric 
solution of acid, showing the uncombined alkali of the soap^ in- 
cluding alkaline carbonate. — If the soap is dissolved in alcohol, 
alkaline carbonates remain undissolved and may be determined 
by adding volumetric solution of acid to the residue. — H'ee 
alkali may be precipitated from alcoholic solution of soap by 
passing through a stream of carbonic acid gas. — ^A qualilaUve 
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test /or free cUkaii or alkaline carbonate is made bj adding 
mercuric chloride to the soap solution; a red-brown to red- 
yellow precipitate indicates free alkali — the !at acid salts forming 
only white precipitates. 

• t. Then, for volumetric determineUian of the combined 
alkali of the eoap, the soap precipitate is rinsed (with dilute 
solution of common salt) from the filter into a beaker, and 
decomposed by a five-times stronger than normal standard solu- 
tion of (hydrochloric) acid, added to beginning of acid reaction. 
Afler which the fat acid may be separated as a cake and weighed, 
according to c — a weighed quantity of beeswax or paraffin being 
added, if necessary to secure solidification. 

j. Determination of glycerin. Take 10 grams of soap, 
dissolve in alcohol, add alcoholic solution of sulphuric acid until 
precipitation ceases, and filter. Add baric carbonate and filter 
again. Evaporate until all the alcohol is expelled, and weigh 
the sweet residue as glycerin (Senier). Or, treat the filtrate 
from acid precipitation of the fat acids with basic subacetate of 
lead, filter, remove the excess of lead by hydrosidphuric acid 
and filtration, neutralize with hydrochloric acid and extract with 
a mixture of alcohol 2 vols, and ether 1 vol. Evaporate this 
solveht and weigh as glycerin (Vohl). 

k. A plan for determination of the constituents of soap, 
viz. : (1) Carbonates and other salts, color substances and foreign 
matters; (2) Free Alkali; (3) Combined Alkali; (4) Fatty 
acids with resin ; (5) Tatty acids without resin ; (6) Glycerin ; 
(7) Water.* 

For(l): Digest ten grams soap with alcohol (five or six 
ounces) on water-bath, filter and wash with hot alcohol in a hot 
funnel. Dry the residue at 100° C. and weigh. Analyze this 
residue by solution with water, by alkalimetry, etc. 

For (2) : Through the filtrate of (1) pass a stream of car- 
bonic acid gas ; if a precipitate forms, continue until its forma- 

* BxnxB : *' A Ttoctm," etc., Am. Jour. Phar.f 1874^ 868. 



ti<m oeAes ; filter and wash and determine the alkali in the preoi- ' 
pitate bj a volumetrio solution of (oxalic) acid. (See A.) 

For (3) : The filtrate from (2) — or if there was no precipitate 
in (2), the filtrate from (1) — after the addition of about an ounce 
of water, is evaporated on the water-bath to expel all the alcohol, 
and the (combined) alkali therein determined (as Soda or Potassa) 
bj adding a normal solution ei oxalic add to aeid reaction. 
(Compare ».) 

For (4) : To the mixture left in (S) add a little snlphurio 
acid ; then add ten grams of previously melted beeswax, heat on 
a water-bath to fuse the wax, cool, weigh die cake, and subtract 
the weight of the wax. (Compare c.) 

For (5) : Dissolve 40 grams of soap in water, decompose by 
dilute sulphuric acid, cool at temperature below 14*^ C, separate 
and weigh the fatty acids ; then digest them for some time with 
a mixture of water with nearly as much alcohol, until the subsi- 
dent liquid (when the mixture has cooled and the fatty acids 
again solidified) ceases to be milky. Weigh the fatty stratnia 
again ; subtract the previous weight, and divide by four — ^for the 
resin in 10 grams soap. (Compare g^ 

For (6) : Proceed according to the first method under ^*. 

For (7) : Estimate by difference ; or by evaporation of another 
portion with alcohol and sand, as directed in a. 

68. BESINS. Compounds of C^H, and O. Vitreous and 
mostly brittle solids (when unmixed), softening and melting 
when gently heated, but not vaporizable (distinction from cam- 
phors) ; mostly heavier than water. The class includes some 
substances of pungent taste, some of poisonous effect, and some 
of intense color. Mostly insoluble or but slightly soluble m 
water : mostly soluble in absolute alcohol ; by far the greater 
number soluble in ether and in benzole (means of separation from 
gums). Many resins are soluble in aqueous alkalies, by combi- 
nation as resin-soaps ; and in alcoholic solution show the acid 
reaction. 



The resme of commerce inolade, first, vegetable ezadfttes, of 
which the Resins proper mostly oootain some extractive matters ; 
the Gum-resins being mixtures with gums ; the Oleo-resins, mix- 
tures with volatile oils (including the source of common resin or 
colophony) ; and the Balsams, mixtures with volatile oils and 
acids formed by -oxidation of volatile oils. Second, resins 
extracted from plants by alcohol, including some of both the Me- 
dicinal resins and the Color resins. And, third, resins obtained 
from liijuid plant juices which are dried m a part of the manu- 
faoture ; these including two bodies insoluble in alcohol, Caout- 
chouc and Indigo. 

69. The separation of resins from volatile oils is effected by 
dietMkUion with water; from gums, by fusion and straining 
at 100° C. ; and from various bodies And from each other by 
action of the solvents applicable in the case. See Recapitulation, 
99. Solution with alcohol and precipitation by pouring the solu- 
tion into water is by far the most generally applicable process ; 
solution with aqueous alkali and precipitation by acid may some- 
times be employed. 

70. Thb resinous mattsr of Aloes is fusible on the water- 
bath ; insoluble in cold water, partly soluble in boiling water, 
freely soluble in alcohol, partly soluble in ether, scarcely at all 
soluble in chloroform, benzole, naphtha, bisulphide of carbon, 
freely soluble in aqueous alkalies and in glycerin. — Aloes yields 
para>cumaric acid, as follows : The hot ammoniacal water solution 
is precipitated with acetate of lead, the filtrate freed from lead 
by dilute sulphuric acid, and this second filtrate is boiled in 
presence of the (excess of) sulphuric acid — ^forming (from resin) 
paracumaric acid in solution. The latter colors ferric chloride 
dark gold-brown. — The residue from an ammoniacal solution of 
material containing aloes, When saturated with hydrochloric acid, 
yields the odor of aloes. Farther, see Aloin. 

71. Amber Resin. Amber contains Succinic acid. Volatile 
oil, and resin (two <resins). Amber is a hard and brittle, more 
or less transparent solid, of spec. grav. 1.065 ;. tasteless, aro- 
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matio when rubbed or warmed, of various colors, chieflj yellow 
or orange. — Subjected to gradually increasing heat, it softens ; 
at llO"" to 260'' C, evolves a volatile oil colored blue by 
hydrochloric add ; at about 235^ C, evolves succinic anhydride ; 
at 287^, it fuses; at higher temperatures, yields first a colorless 
oil, then a yellowish wax. — Amber resin is insoluble in water, 
alcohol (except -f^ which is soft resin), ether, benzole, bisulphide 
of carbon, petroleum naphtha, volatile and fixed oils, but soluble 
in fixed alkalies (except a slight residue) and in concentrated 
sulphuric acid (with a red color). — Fuming nitric add changes 
it to a nitrogenous resin of musk-like odor and gelatinous oon* 
sistence — ^^ artificial musk." 

72. Ammoniac Resin. Ammoniac contains 72 per cent, resin 
and 22 per cent, gums, and a little volatile oil. Ammoniac is a 
solid, soft when warmed, brittle when cold, of specific gravity 
1.207, whitish to yellow-brown and dirty gray, of a sweetish, 
bitter and acrid taste and strong peculiar odor. Ammoniac is 
partly soluble in water, alcohol, ether, acetic acid, and aqueous 
alkalies. Ammoniac Resin is wholly soluble in alcohol, in fixed 
and volatile oils, in sulphuric acid, acetic acid, and aqueous alka- 
lies, and partly soluble in ether. 

73. AssAFETiDA Rcslu. Assafctida contains over 60 per 
cent of resin, about 30 per cent, of gums, and about 4 per cent* 
of volatile oil (whereon its odor depends). Assafetida is a solid, 
soft when warm, and brittle when cold, of spec. grav. 1.327, 
having an intense fetid and alliaceous odor and a bitter, acrid, 
and persistent taste. Its color is variegated and altered, being 
on fresh surfaces whitish to yellowish, becoming reddish to 
yellow-brown on exposure. — ^The volatile oil is separated by dis- 
tillation with water, contains sulphur, and boils at 140® C. — 
Assafetida resin is readily soluble in alcohol, not wholly insolu- 
ble in water, nearly all soluble in ether, mostly soluble in 
alkalies. 

74. Benzoin Resins. Benzoin or << benzoin-gum " consists 
of about three-fourths part resins, 10 to 15 per cent, of Benzoic 



liXSiN& 95 

acid, with a little gum and a very little volatile oil. Benzoin is a 
brittle solid, of spec. gray, above 1.062, melting and evolving 
benzoic acid when heated ; of variegated colors, fragrant bal* 
samic odor, and little taste, with slight acrid aHer-taste when 
chewed. Benzoin resins (three have been identified) are all 
soluble in alcohol, in concentrated solphnrio acid (from which 
water precipitates them violet), and in strong potassa solution, 
but insoluble in water. Resin-a is insoluble in aqueous carbon- 
ate of sodium, or in ammonia, but soluble in ether. Resin-^ has 
the solubilities above given for a, except that it is insoluble in 
ether. Resin-c is sparingly soluble in ether and in volatile oUs, 
and soluble in aqueous carbonate of sodium. The ether solution 
of e deposits a sediment which has been considered a fourth 
resin. — Dry distillation of benzoin, after removal of benzoic 
acid, gives a rose-red distillate. 

75. Canauba Wax. Consists of myristic alcohol, resin, and 
other substance. It is a solid of spec. grav. 0.999, harder than 
beeswax, melting at 84° C, and of a greenish-yellow color. It 
is insoluble in water; dissolves with difficulty in alcohol, in 
ether, and in bisulphide of carbon ; dissolves readily in oil of 
turpentine, but not at all in linseed oil, and not in aqueous alka- 
lies. It is not changed by sulphuric acid, but is stained deep 
yellow by nitric add. 

76. Caoutchouc Fusible at 120° C. (248° F.) ; not vapor- 
izable. The larger part soluble in ether, benzole, bisulphide of 
carbon, petroleum naphtha, or oil of turpentine ; wholly soluble 
in chloroform, and in a mixture of 100 parts bisulphide of carbon 
with 6 or 8 parts of absolute alcohol. Sparingly soluble in hot 
amylic alcohol. Not acted upon by alcohol or aqueous alkalies ; 
slowly decomposed by concentrated sulphuric or nitric acid. 

77. Colophony. Resin of Turpentine. Common Resin or 
Bosin. — ^A pale-yellow to brownish-yellow, translucent, brittle, 
vitreous solid, of spec. grav. of 1.07 to 1.08; softening at 70° 
C. and melting at 135° C. At a higher temperature it suffers 
destructive distillation, forming '< essence of rosin '' and then 
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*< rosin oil." — ^Insoluble in water; soluble in alcohol, etheor, 
chloroform, benzole, petroleum naphtha (with much difficulty), 
volatile and fixed oils, methylic alcohol, aqueous alkalies (fi^^ed 
and volatile), anilin, and hot aqueous carbonate of sodium. The 
tiipee constituents — ^pinic, sylvic, and oolopholic (or pimaric) 
acids — vary in 49olubility in eertain solvents ; cold dilute alcohol 
dissolving only pinic acid. 

78. Copaiba Bssxnb. Balaam of Copaiba consists of several 
resins and a volatile oil (a terpene). The most abundant of these 
resins, Copaivic acid (the proportion of which is very variable), 
is a brittle solid, crystallizable in colorless rhombs ; soluble in 
strong alcohol, ether, benzole, petroleum naphtha, volatile and 
fixed oils, and aqueous alkalies. Its alcohol solution reddens 
litmus. Alcohol solutions of the alkaline copaivates, with alcohol 
solutions of salts of non-alkaline metals, on adding water, preci- 
pitate white metallic copaivates, more or less freely soluble in 
alcohol. The silver precipitate is crystalline, and the lead preci- 
pitate slightly so. — ^The other resins are soluble in alcohol, ether, 
fixed and volatile oils, and aqueous alkalies. 

79. Copal. Spec. grav. 1.045 to 1.139. Brittle, softening 
at 50° C, more or less translucent, colorless to yellowish-brown. 
Consists of several resins. As a whole, it is imperfectly soluble 
in alcohol ; slightly and slowly soluble in ether, bisulphide of 
carbon, ammonia ; slowly soluble in oil of turpentine ; readily 
soluble in oil of cajeput, or oil of rosemary, or " oil of caout- 
chouc." It is soluble in cold concentrated sulphuric and nitric 
acids, decomposing when these solutions are heated. Not 
soluble in alkalies ; but combines with alkalies in boiling solu- 
tion to form a soap soluble in water not containing firee alkali. 

80. Dammara Besin. Australian, Dammaric acid with 
Dammaran — ^that is, an acid and a neutral resin. — ^Both resins 
are soluble in absolute alcohol, ether, turpentine oil, benzole, 
petroleum naphtha, and solutions of fixed alkalies. The acid 
resin is soluble, the neutral resin insoluble in aqueous alcohol. — 
East Indian, dammara (ordinary dammaraj. Spec. ^rav. 1.04 
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to 1.09, brittle, melting when heated. Partially soluble in 
absolute alcohol, about -^ soluble in ether, fully soluble in fixed 
and volatile oils, benzole, and bisulphide of carbon, and in con- 
centrated sulphuric acid with a red color. It is not soluble in 
aqueous alkalies. 

81, Dragon's Blood. A brittle, dark-brown, opaque, odor- 
less, and tasteless solid ; soluble (with red color) in alcohol, 
ether, fixed and volatile oils, and mostly soluble in alkalies. 
The alcoholic solution forms red or violet precipitates with 
metallic salts. 

82. Gamboge Resin. Gamboge is over three-fourths resin ; 
the rest mostly gums, with a little starch. Gamboge is a brittle, 
pulverulent solid, of spec. grav. 1.22, burning when heated ; red- 
dish-yellow in mass, bright yellow in powder; nearly odorless at 
ordinary temperatures, but giving a peculiar odor when heated ; 
a slight first-taste but a sweetish-acrid and dry afler-taste when 
chewed, causing a flow of yellow-colored saliva, — -Gamboge is 
easily emulsified with water, which dissolves gmn from it, the 
resin being slowly deposited ; is readily soluble in alcohol (with 
a little starchy residue), is soluble in aqueous alkalies, and yields 
its resin (only) to the solvent powers of ether, chloroform, bisul- 
phide of carbon, and benzole (slowly). Boiling solution of sodic 
carbonate dissolves gamboge gelatinous. Gamboge is wholly 
dissolved by the successive action of ether and water (separation 
from commercial impurities). — Gamboge B,esin ("gambogic 
acid " — usually extracted from gamboge by ether) is soluble in 
cold, concentrated, sulphuric acid, with a red color, and precipi- 
tated unchanged by adding water to this solution (a characteris- 
tic reaction). Boiled with nitric acid of 10 to 15 percent, anhy- 
dride, the mixture then dissolved in alcohol and then treated with 
water, a yellow precipitate is obtained (distinction from Saffron 
or Turmeric). — ^The aqueous alkaline gambogates are precipitated 
red by common salt, and give red precipitates with baric salts, 
yellow precipitates with zincic and plumbic salts, brown precipi- 
tates with cupric salts, and brownish-yellow with argentic salts 
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—most of these precipitates being some^what soluble in water and 
in alcohol. 

For the nparaHon of gamboge resin from assodated medi- 
cinal resins (Haoxr) the material is triturated with 98 per cent, 
alcohol (and pulverized heavy spar) at a gentle heat, and the 
extract so obtained is dried and digested with chloroform. Aloes 
resin, Convolvulin, and Colocynth resin are left behind (with 
a part of Agaric) ; while the gamboge resin is dissolved, with 
Jalapin, Guaiac resin, Myrrh, Tolu resin. Senna resin (and 
a part of Agaric). The residue from this chloroform solution 
is now digested with boiling solution of sodic carbonate ; when^ 
of those named above as in the chloroform solution, only the 
gamboge r^sin will dissolve (with traces of senna and agaric). 
Acids separate the gamlx^e resin from its soda solution. 

83. GuAiACUM. A brittle, pulverizable solid, of spec. gray, 
about 1.2, melting at a moderate heat ; of a &intly fragrant odor 
and persistent acrid afler-taste. Its color is yellowish-green to 
reddish-brown ; the former color induced by exposure to the air. 
Water dissolves a one-tenth of guaiac resin, strong alcohol about 
nine-tenths, alcohol of 83 per cent, slowly dissolves it all. Ether 
and oil of turpentine dissolve about as much as alcohol ; benzole 
does not dissolve it. It nearly all dissolves in aqueous allcalies. 
Snlphnric acid dissolves it with a fine red color (and formation 
of glucose and guaiaretin) ; the solution is precipitated violet 
with water, or violet blue to blue-green by alcohol. — Guaiac resin 
is easy to suffer oxidation^ whereby bright colors are produced. 
The powder and the alcoholic solution turn green by exposure to 
the air, or blue by exposure to ozone. The alcohol solution is 
also turned green by nitric acid, and blue by nitrous acid, chlo- 
rine, ferric chloride, or by ethereal solution of binoxide of hydro- 
gen in presence of blood-stains. ^ Hyposulphite of sodium changes 
the blue color to violet and then bleaches it ; sulphurous acid 
bleaches it slowly — or promptly if zinc has been placed in the acid. 

84. Hemp Resin. Cannabin. Besin of Indian hemp. — A 
light-brown, lustrous solid or soft solid, melting at 68^ C, and 
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of a fragrant odor and bitterish, acrid tast^. Insoluble in water, 
scarcely soluble in cold alcohol of 80 per cent., soluble in hot, 
strong alcohol, in ether, spirit of nitrous ether, chloroform, bisul- 
phide of carbon, cold volatile oils, and warm fixed oils. Insola 
ble in aqueous alkalies ; having a neutral reaction. 

85. Indigo Blue. O^H^NO. Inodorous, tasteless, an4 
neutral. Sublimes from the solid state, at about 288^ C, with, 
out decomposition if in a current of air or in vacuum, forming 
purple-red vapors in open vessels, and condensing in right 
rhombic prisms. — ^It is insoluble in water, cold alcohol, ether, 
fixed and volatile oils when cold ; hot alcohol and hot oil of tur- 
pentine and hot fixed oils dissolving it very sparingly. Insoluble 
in aqueous alkalies. Soluble in creosote and in hot phenic acid ; 
soluble in concentrated sulphuric acid (as sulphindigotic acid). — 
Indigo blue is separcUed from fixed substances by sublimation 
from platinum foil (good indigo having 7 to 10 per cent, of ash) ; 
and by the use of solvents which leave it in residue. It is valued, 
in numerous processes, by the quantity of chlorine or other 
bleaching agent necessary to decolorize it. 

86. Jalap Resins. Kesin of Jalap, of the pharmacopoeias. — 
A brownish, brittle, opaque, fusible mass, or yellowish-gray to 
yellowish- white powder ; of a repulsive odor, slight at ordinary 
temperatures, but much increased on heating, and a pungent, 
acrid taste. — ^It is soluble in alcohol (with neutral reaction), in 
aqueous fixed alkalies and alkaline carbonates, and in acetic acid ; 
insoluble. in volatile and fixed oils. — Resin of jalap consists of 
two distinct resins, Jalapin and Convolvulin ; that of pharmaco- 
po&ial or Tuberose jalap being about one-ninth jalapin and eight- 
ninths convolvulin ; that of Fusiform jalap, mostly jalapin. 

87. Jalapin (or Scammonin) is a sofl amorphous solid, 
brittle at 100° C, melting at 150° C, white in powder, tasteless, 
inodorous, and nearly neutral in reaction. It is very slightly 
soluble in water ; freely soluble in ether, chloroform, methylic 
alcohol, benzole, petroleum naphtha, and oil of turpentine. Cold 
concentrated sulphuric add dissolves jalapin; the solution be* 
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coming purple in five or ten minutes, then brown, and lastly 
black. — It dissolves in aqueous alkalies or their carbonates, and, 
on acidulating these solutions, Jalapic (Scammonic) acid is 
liberated — as a body soluble in water and having, a strongly acid 
reaction. The salts of jalapic acid are nearly all soluble in 
water, but subacetate of lead precipitates it. — On heating Jalapin 
(or Jalapic acid) with dilute mineral acids, glucosic fermentation 
occurs, with formation of jalapinol and glucose. Jalapinol is in- 
soluble in cold, sparingly soluble in hot water, soluble in alcohol 
and in ether; soluble in aqueous alkalies with combination as 
jalapinolic acid. Jalapinolic acid, liberated from its alkali salts 
by acidifying, is insoluble in water, but Soluble in alcohol and in 
ether. Its lead and barium salts are nearly insoluble in water. — 
Jalapin and jalapic acid are amorphous ; jalapinol cryataUizes in 
white cauliflower-like masses, melting at 62° C. ; jalapinolic acid 
crystallizes in tufls of needles (four-sided prisms), melting at 
62° C. 

88. CoNvoLvuLiN (the lai^er portion of Tuberose jalap and 
a very small proportion of Fusiform jalap) is a brittle, vitreous 
solid, melting below 100° C. when moist, or at 150° C. when dry, 
colorless and transparent in mass, or white in powder, inodorous 
and tasteless, and of a slight acid reaction. — Nearly insoluble in 
water ; soluble in alcohol, acetic acid, and aqueous alkalies and 
alkaline carbonates (as convolvulinic acid) ; not soluble in ether 
(separation from Jalapin). — It dissolves slowly in cold concen- 
trated gnlphnric acid, with a fine carmine-red color, afterward 
changing to brown ; this change being a glucosic fermentation, 
with formation of convolvulinol and glucose. But dilute sul- 
phuric acid has no effect. — Convolvulic acid is formed in acidify- 
ing the alkaline solutions of convolvulin ; it is a white solid, 
fusing above 100° C, having a strong acid reaction, and freely 
soluble in water and alcohol, insoluble in ether. Its metallic 
salts are soluble, except that formed with basic acetate of lead. 

89. Lac Hesin. Stick Lac consists of about two-thirds 
resin, one-tenth coloring matter, with wax, gluten, etc. Seed 
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Lac contains more resin and less coloring and nitrogenous matter. 
Shell Lac is about 90 per cent, resins, 5 per cent, wax, 2.5 per 
cent, gluten, and 0.5 per cent, coloring. The coloring matter of 
lac is soluble in water ; is bright red with acids and deep violet 
with alkalies ; is precipitated by alum. i 

Shell Lo/C is insoluble in water ; soluble in alcohol ; mostly 
soluble in methylic alcohol ; wholly soluble in aqueous alkalies, 
and in water solution of borax, and in hydrochloric and acetie 
acids. — Lac resin is s^arated from most other resins, and from 
many natural and commercial impurities, by dissolving in a solu- 
tion of ^ part borax and 20 to 30 parts water to one part of lac. 
The solution may be diluted farther. (GTood shell lac leaves not 
over 1.5 per cent, residue ; poor, as much as 8 per cent.) By 10 
per cent, ammonia at 25^ to 30^ C. lac is not dissolved, while 
Colophony dissolves and appears, afler addulation, as a precipi- 
tate. Cold ether (of 0.720 spec, grav.) does not dissolve more 
than 5 to 6 per cent., chloroform not over 7J- per cent, from good 
lac, the dissolved part being wax with a very little resin (separa- 
tion from Colophony and other resins). 

90. Mastic. A translucent solid, brittle and inodorous at 
ordinary temperatures, but soft and ductile when chewed and 
fragrant when heated, of a faintly terebinthinate taste. Alcohol 
dissolves about four-fifths, leaving Masticin undissolved. . Ether, 
chloroform, and oil of turpentine dissolve it wholly. It is largely 
soluble in benzole. 

91* Mtrrh Resin. Consists of resins, about \ part; gums, 
about -I part; with a very little soluble extractive. Myrrh 
forms an emulsion and partial solution with water, a nearly com- 
plete solution with much aqueous potassa, and yields its resin to 
alcohol, ether, and chloroform. — ^The Resin, of Myrrh is readily 
soluble in alcohol, ether, chloroform; slightly soluble in hot 
solution of sodic carbonate; about one-half part soluble in bisul- 
phide cf carbon. That part extracted with bisulphide of carbon, 
when dissolved in alcohol and warmed with 25 per cent, nitric 
acid, gives a violet color. 
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92. Olibanum Besin. Frankincense. Inoense. — Olibanum 
is about one-half part resin, one-third part gum, one-twelfth part 
volatile oil. The gum is soluble in water ; the resin is soluble 
in alcohol. 

93. Resin of Pbbit Balsam. About \ resins, \ volatile oil, 
less than -^ cinnamio acid. The Balsam is of thick-syrupy con- 
sistence ; spec. grav. 1.15 (sinks in an 18 per cent, solution of 
common salt). Soluble in absolute alcohol in all proportions, or 
in 6 parts of 90 per cent, alcohol with slight turbidity ; perfectly 
soluble in all proportions of absolute ether, chloroform, and 
Amylic alcohol. Bisulphide of carbon dissolves the greater 
part; benzole and petroleum naphtha dissolve about one-half. 
It mixes with about \ part of castor oil, and with \ part copaiba 
balsam. Sulphuric acid converts the balsam into a thick red 
mass. Aqueous alkalies dissolve out the resin. 10.0 of the bal- 
sam requires over 0.7 grams crystallized sodic carbonate to neu- 
trallize its cinnamic acid. 

94. PoDOPHiLLUM Rbsik. Cousists of two resins. Insoluble 
in water; wholly soluble in alcohol; about |- part soluble in 
ether ; wholly soluble in aqueous alkalies, from which solutions 
acids precipitate it (distinction from resins of Jalap and Scam* 
mony). Insoluble in benzole. 

95. Sakdarac. a brittle, yellow solid. Contains three 
resins. Sandarac is insoluble in water; wholly soluble in 
alcohol — \ part dissolving easily in cold ordinary alcohol, a small 
part requiring boiling alcohol, and a still smaller part a large 
quantity of this solvent for solution. It is easily soluble in ether 
and in oil of turpentine, imperfectly soluble in bisulphide of 
carbon, benzole, petroleum naphtha, or linseed oil. Nitric acid 
colors it clear brown. 

96. ScAMMONT Resin. Convolvulin. See Jalapin (87). 

97. Resinous part of Storax. Consists of (two) resins, and 
Styracin or Cinnamate of Cinnyl (C^H^C^H^O,). Alcohol and 
ether dissolve the whole. In cold alcohol, the styracin crystal- 
lizes in tuft» of prisms. Styracin is tasteless and odorless, more 
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freely soluble in ether than in alcohol. Treated with hot nitric 
add, or with chromic acid, or with sulphuric acid and binoxide 
of manganese, it yields benzoyl hydride (oil of bitter almonds). 

98. Resins of Tolu Balsam. The Balsam consists of 80 to 
90 per cent, of resin, about 12 per cent, of cinnamic acid, and 
less than 1 per cent, of volatile oil. It is wholly soluble in 
alcohol, chloroform, volatile oils, and aqueous alkalies ; partly -^ 
soluble in ether ; insoluble in benzole, petroleum naphtha, bisul- 
phide of carbon, and solution of carbonate of sodium. The 
Resins of Tolu balsam are soluble in cold concentrated sulphuric 
acid, without chang0. 

99. Separation of Becdns by Solvents. Recapitulation. 
— Water duaolves a part of the resin of Assafetida, a part of 
Gamboge, about -^ of Guaiac resin, and slightly dissolves 
Jalapin. 

a. Aloehol /ails to dissolve -f^ of Amber, Canatlba wax. 
Caoutchouc, a part of Copal, ^ of Guaiacum, Indigo blue (dis- 
solving slightly with heat), and ^ of Mastic. 

b. Aqueous Alkalies (potassa or soda) dissolve Aloes resin. 
Amber, Ammoniac, Assafetida (mostly), Benzoin, Colophony, 
Convolvulin (with change), Dammara (Australian), Dragon's 
Blood (mostly), Guaiacum, Jalapin (with change), Lac resin, 
Myrrh, and resins of Podophyllum and of Peru and Tolu bal- 
sams. — These solvents do not dissolve Canatlba wax. Caoutchouc, 
Copal, Dammara (East Indian), Hemp resin. Indigo blue. 

e. Ether dissolves resin of Aloes, Ammoniac (in part), 
Assafetida resin (mostly). Benzoin (in part), Canatlba wax (with 
difficulty). Caoutchouc (mostly). Colophony, Copal (with diffi- 
culty), Dammara (in part). Dragon's Blood, Gamboge, Guaiacum 
(in greater part). Hemp resin (Cannabin), Jalapin, Mastic, resin 
of Peru balsam, J of Podophyllum resin, Sandarac, Styracin, 
and resin of Tolu balsam. — Ether does not dissolve Amber, 
Indigo, and J of Podophyllum resin. 

d. Chloroform dissolves Caoutchouc, Colophony, Gamboge, 
Guaiacum, Ilcmp resin (Cannabin), Jalapin, Mastic, Myrrh, 
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resin of Peru balsam, resin of Senna, i-esin of Tolu balsam. 
— Chloroform does not dissolve Agaric (in chief part), resin of 
Aloes, resin of Colocynth, Convolvulin. 

6. Bisulphide of Carbon dissolves CanatLba wax, Caoutchouc, 
Copal (slowly), Damm ira, Gamboge, Hemp resin, ^ of Myrrh, 
resin of Peru balsam, Sandarac (in part). — ^It does not dissolve 
Amber, Indigo blue, ^ of Myrrh, resin of Tolu balsam. 

f. Benzole dissolves Caoutchouc, Colophony, Dammara, 
Gamboge, Jalapin, Mastic (mostly), ^ of the resins of Peru 
balsam, Sandarac (in part). Benzole does not dissolve Amber, 
Guaiacum, resin of Podophyllum, resin of Tolu balsam. 

g. Oil of Turpentine dissolves Ammoniac, Benzoin resin (in 
part), Canauba wax, Caoutchouc, Colophony, Copal (slowly), 
Dammara, Dragon's Blood, Guaiacum (mostly), Hemp resin, 
Jalapin, Mastic, Sandarac, resin of Tolu balsam. — It doe^ not 
dissolve Amber, Indigo (without heating). 

A. Solphnric Acid, concentrated, cold, dissolves Amber (with 
red color). Ammoniac, Benzoin resin, Convolvulin (with red 
color turning brown). Copal, Dammara (with red color), Gam- 
boge (with red color), Guaiacum (with red color, etc.), Indigo 
blue. — It does not dissolve Caoutchouc. 

100. VOIiATHiE OHiS. in composition, 1st, Hydrocar- 
bons, or " elseoptenes," mostly of the formula (Cj,,Hjg)n, a 
large class; 

2d, Oxidized oils (C, H, O), including (1) hydrates of hydro- 
carbons, the " stearoptenes " or camphors, a moderate number 
being found alone and a large number in mixtures with the elsB- 
optenes, (2) aldehydes, (3) compound ethers, generally in natural 
mixture with elseoptenes, (4) of irregular composition ; 

3d, Sulphurized oils (C, H, O, S), a small class, products of 
natural fermentation, and having odors resembling each other. 

101. Mostly liquids, a few oils and stearoptene parts of oils 
melting at a little above ordinary temperature ; the greater 
number lighter, a few heavier, than water ; very slowly volatile 
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at ordinary temperatures, mostly having boiling points above 
150° C, but all distilling, slowly, with steam at 100° C, and 
leaving a transient oil-spot on paper. They are noted for strong 
and persistent odors ; colorless, or with pale colors, in a few 
instances tinted blue w^ith coerulein, transparent and possessed of 
strong refractive powers. — ^The volatile oils are neutral in reac- 
tio7i/ not generally liable to decomposition or combination 
except with oxygen. By air and light many of them alter and 
form resinous bodies ; the elseoptenes forming stearoptenes, and 
(by oxidizing agents) aldehydes forming acids. 

102. Volatile oils are very sparingly soluble in water, requir- 
ing intimate mixture and generally from 600 to 1,000 parts of 
water for solution ; soluble in alcohol, and in all proportions of 
absolute alcohol, ether, chloroform, benzole, petroleum naphtha, 
bisulphide of carbon, fixed oils and other volatile oils. Alkalies 
do not affect them. — Certain oils, afler distillation with water, 
retain traces of water in solution. This occurs with oils of ber- 
gamot, cinnamon, cloves, juniper, lavender, lemon, rosemary, 
sassafras, spike, wintergreen ; not with oils of amber, cedar, rue, 
turpentine. The presence of water is i?hown by turbidity on 
mixture with several volumes of petroleum naphtha (Leuchs).— 
Volatile oils are scarcely at all soluble in aqueous solutions of 
chloride, nitrate or sulphate of sodium. 

103. The volatile oils are characterized by their individual 
odors, their physical properties (as stated above and in 105 and 
106), by various special reactions (the most of which are stated 
in 107 to 114), by their refractive indices and their absorption 
spectra, and by their cohesion-figures when dropped upon a still 
surface of pure water.* 

104. Volatile Oils are separated from substances more 
or less volatile by their distillation with steam ; from many sub- 
stances by their slight solubility in water (farther lessened by 



* ToxuNSON, Moffat : Cfhem, New9, 1869. Cranb : Am, Jour, 
Fhar,, 1874, Sept., and Phar, Jour,, 1874, p. 242, et. seq. 
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eomiium nit) and ready solubility in alcohol, ether, etc. — From 
Fixed Oils they may be separated by distillation with water ; 
by solution in alcohol (not from castor oil) ; or by alkaline 
saponifioation of the fixed oil. 

IfVom Alcohol, they may be separated (in greater part) by 
addition of water; (in part) by addition of jBzed oil; (in part) 
by addition of dry diloride of caldnm, and (with a little loss) 
by repeated jiftillftl^i^y*^^ with water. — Also (qualitatively) by 
adding to 5 or 10 drops of the oil, in a test-tube, a fragment of 
dry tannio add, agitating, and leaving several hours at ordinary 
temperature. In absence of alcohol, the tannin remains solid, 
porous, and floats ; in presence of alcohol, it becomes pasty or 
liquid, and adheres to the glass or sinks (Haokr). — ^Farther, 
volatile oils may be (quantitatively) separated from alcohol by 
glyoerin (Haoer) : In a graduated cylinder place 10 parts of the 
mixture of oil and alcohol and 10 parts of a mixture of f gly- 
cerin and ^ water, agitate, and set aside a few hours for separa- 
tion. Read off at about 17.5^ C. (Oil of Balm is soluble in 
glycerin.) — Separation of volatile oils (or of Camphor) from 
alcohol may be made by water solution of nitrate or sulphate 
of sodium much more nearly than by water alone, and for 
approximately quantitative purposes. In a flask with a graduated 
neck, or a wide cylinder having its upper third narrowed and 
graduated, place about 3 vols, of a half-saturated solution of the 
salt and add 1 vol. of the alcohol solution of oil or camphor, 
agitate thoroughly, add enough of the salt solution to adjust the 
surface to graduated portion of the measure, and set aside at 
20^ to 25^ C. until the liquids separate clear. The c.c. of oil 
multiplied by its spec. grav. equal the grams. For camphor 
(and if desired for oils) the process may be completed gravi- 
metrically, by adding about 3 parts of exactly weighed paraflin, 
fusing (inserting a platinum hook), and weighing when cold. 
Compare 67, c. 
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105. Color and Specific Gravity of Volatilk Oils. 



VolatUo OUa. 



Amber, 

Balm, . . 

jBergamot 

Bitter Almond, . 
Galepat, 
CaJamns, . 
Camphor (oil of). 
Caraway, . 
Cardamom, 
Cascarilla^ • 
Chamomile, 

** Roman, . 
Cinnamon, . 

'' (CasBia), . 
doves, 
Copaiba, 
Coriander, . 
Cubeb, 
Cummin, . 
Dill, . . 
Eucalyptos, 
Fennel, 
Galbanum, . 
Galan^^ . 
Geranimn, . 
Hedeoma, . 
Hops^ . 
Jasmm, 
Jmiiper wood, . 

** berries, . 
Lavender, . 
Lemon, 

Mace, • • • 
Marjoram, . 
Myrrh, 

Nutmeg^, . 

Orange flowers, . 
Orange peel, 
Origanum, . 
Paraley, 

Pepper (black), . 
Peppennint, 

Pimento(allspice) 
Rosemary, . 

XVOil^9B| • • • 

Rosewood, . 



Color of the Grade Oil. 



YeUowish or reddish-brown. 

Pale yellow to yellow. 
Yellowish. 
YeUowish-green or brown-yel- 
low. 
Yellowiah, growing daricer. 
Qreen. 
Pale yellow. 

Yellowish to reddish-brown. 
Pale y el V, flrowing brownish. 
Qreenish-ydlow. 
Dark vellow. 
Dark Slue. 
Light blue. 

Yellow, becomine darker. 
Light yellow to dark yellow. 
Brownish-yellow. 
Colorless or yellowish. 
Yellowish. 
Colorless. 
Yellowish. 

Yellowish, becoming red-br^ 
Colorless. 

Colorless growing yellowish. 
YeUowiih. 
Yellowish. 
Yellowisfa. 
Lieht yellow. 
Pale brownish yellow. 
Yellowtsh. 

Colorless or yellowish-green. 
Colorless, yePwish or greenish. 



Colorless, growing darker. 

Yellowish. 

Pale yellow. 

CJlearyellow. 

Colorless or yellowish. 

Pftle yellow, darkening. 

ColonesB, growing yellowish. 

Yellowish. 

Yellowish to brown-yellow. 

Yellowish. 

Yellowish to deieu'-brown. 

Pale yeUow, or greenish iri- 
descent. 

Ck>lorlees to yellowish. 

Colorless or pale yeUownnreen. 

Colorless, reddish, or yerwish; 
concrete below 20° CX 

Piale yellow. 



Color 

after Rectille»- 

tion. 



Colorless or 
yellowish. 



Colorless or 
yellowish. 

Colorless. 



Colorless. 



Colorless. 
Colorless. 



Colorless. 

Colorless. 
Colorless. 



Colorless. 



Spec. GrsT. 



0.80-O.88 

.98-. 99 
.85— .89 
.88- .95 

1.04—1.06 
.91— M 
.8»-.95 
.94 

.91— .94 
.93— .95 
.90— .93 
.91— .94 

1.03—1.06 
1.03—1.08 
1.08—1.00 
.87— .91 
.87— .89 
.93— .94 
.90— .97 
.88— .93 
.88— .93 
.90— .99 
.90— .93 
.91— .93 
.90— .91 
.94 
.90— .91 



.84— .89 
.87— .90 
.845~ .865 
.87— .95 
.8a-.93 
1.10—1.13 
.90— .93 
.85— .90 
.88— .85 
.80— .90 

1.03—1.04: 

.85— .89 



.93 
.88- .93 

.83— .84 



ioe 
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105, Color and Spbcific Gravity of Volatilk Oilb,- 

Contirmed, 



VoUttle Oils. 


Color of the Grade Oil. 


Color 

after Bectlflca- 

tion. 


Spec. Grar. 


Rue, . 
Sage, . 
Sassafras, . 
Savine, 
Spearmint, . 

Tansy, 
Turpentine, 
Thvme, 
Valerian, . 
Wintergreen, . 
Wormseed (San- 
tonica), 
TV ormwood, 
Yarrow, . 
VJang-Ylang, . 


Yellowish. 

Green-yellow or yellowish. 
Yellowish to red-yellow. 
Colorless or yellowish. 
Yellowish, becoming dark, 

red-brown. 
Pale yellow or green yellow. 
Ck>lorle8B. 

Yellow-ffreen, red-brown. 
Yellow-brown, green-brown. 
Reddish. 

Brownish-yeUow. 

Qreen. 

Dark-blue. 


Colorlees. 


.85— .90 
.86— .92 
1.06—1.08 
.89-. 93 
.91— .98 

.90— .95 
.87— .89 
.87— .89 
.90— .96 
1.14-1.17 

.91— .96 
.88— .93 
.87— .93 



106. Solubility of Volatile Oils in Alcohol of sp. gr. 
0.822 (90 per cent.) 

Take, in a test-tube, from a minim measure, 5 or 10 minims 
of the oil, and then as many minims of the alcohol as required, 
with agitation, to dissolve. The oils which form solutions more 
or less turbid are given with figures in heavy type. It will be 
borne in mind that oils are less soluble when old than when 
fresh. Also, that mixtures of oils usually have solubilities mid- 
way between those of the individual oils therein. 



Alcohol required, at 17° to 20° 0., for 1 vol 



Amber, 
Anise, 
Balm, . 
Bergamot, . 
Bitter Almond, 
Cajeput, 
Calamns, . 
Caraway, . 
Cardamom, 
Chamomile^ 



8X vols. 
1 



it 



8 

H 

1 
11 

1 

^tol" 
^ to 1 " 
, 8 " 



ii 
i( 
it 
(i 



Cinnamon, . 

" (Cassia), 
Cloves, 
Copaitia, 
Cubeb, 
Cummin, • 
Fennel, 

Jmiii>er berries, 
Lavender, . 
Xiemon, . . 



of oil of 
. 1 vols. 

. 1 
. 1 

. 
. 25 
. 1 
. lto2 
. 10 
. 1 
. 60 
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Mace, 

Marjoram, . 
Orange flowers, 
.Orange peel, 
Parsley, 
Peppermint, 
Rosemary, . 
Bosea^ 



. 5 vols. 
. 1 " 
. 1 to 2 " 
. 6 " 
. 8X " 
. 1 " 
. lto9»* 
goto 70" 



Rne^ . 
Sa«e, . 
Savine, 
Tansy, 
Turpentine, 

" rectified. 
Valerian, . 
Wormwood, 



. 1 vols. 

. 1 

. lto2 
. 1 
. 9 
10 to 13 
. 1 
. 1 



107. Beaction of Volatile Oils with Iodine and Bro- 
mine. (1) When about 0.1 gram of dry pulverized iodine is 
placed at ordinary temperature in a watch-glass and 4 or 5 drops 
of the oil are dropped upon it : 

(a) Giving inatantanecms reaction^ with much heat and 
strong effervescence ; Oils of 

Bergamot, Lemon, Savine, 

Encalyptus, Mace, Tm^ntine, 

Hops, Orange flowers^ Wormwood (old). 

Lavender, Orange peel, 

(b) Generating slight heat, with gentle eff^ervescence : 
Oils of 



Anise, 


Dill, 


Rosemary, 


Balm, 


Fennel, 


Sage, 


Caraway, 


Juniper, 


Sassafras, 


Chamomile, 


Marjoram, 


Thyme. 


Cubeb, 






(c) Giving no reaction^ or very slight: 


Oils of 


Amber, 


Cinnamon (Caada), 


Rue, 


Bitter Almond, 


Cloves, 


Sassafras^ 


Cajeput, 


Mustard, 


Thyme, 


Calamus, 


Parsley, 


Valerian, 


Gascarilla, 


Peppermint, 


Wormwood (fresh). 


Cinnamon (Ceylon), 


Roses, 





(2) Upon 5 or 6 drops of the oil, on a watch-glass, one drop 

of bromine is let fall (Maisch). 

(a) Giving detonation with Oils of 

Amber, Juniper wood, 

Bergamot, Lemon, 

Hedeoma, Turpentine. 
Juniper berries^ 
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(6) Giving a hissing sound with Oils of 

Anise, SaflBKfrag, 

Caraway, Wormseed. 

(3) To 5 or 6 drops of the oil, on a watch-glass, add 5 drops 
of ether lolutioil of bromine (1 vol. bromine to 5 vols, officinal 
ether, added slowly, while cooling, just before use).* 

(a) Vapors evolved with Oils of 

Copaiba (green ookr ; afterward brownidi-greeii with brown sediment). 

Cubeb (violet odor, deepening ; afterward dark greenieh-ldae, with violet- 
black sediment). 

Orange peel (yellow color soon appears ; afterward pale brown and 
transparent). 

Patchonli (deep violet color, deepening ; sediment dark brown). 

Sassafras (at first cloudy ; afterward pale brownish-yellow). 

Bpearmint, old, yellowish-red (color changes to yellowish-brown ; sediment 
lighter). 

Wintergreen (formation of a resinous white substance, spreading over the 
glass). 

(b) Vapors not evolved with Oils of 

Anise (white color ; with more bromine, yeliowish-red). 

Bergamot (color greenish-brown 3nellow, then reddisb4>rown y«]]ow). 

Bitter Almond (dissolves without reaction ; after evaporation of the ether, 

two liquids separate— one deep, the other light red). 
C^jepot (supernatant liquid scarcely colored; appearance of green 

droplets). 
Calamus (colors red-brown, brown-green ; finally a dark sediment). 
Caraway (little reaction ; sediment yellowish-brown). 
Cinnamon (color lemon-yellow, turning to amber-brown). 
Cloves (color greenish ; lower stratum alters to pale grayish-black). 
Hedeoma (color changed to purplish and darkened ; liquids not miscible). 
Lavender (light greenish, darkflining to deep seargreen). 
Lemon, old (brisk reaction ; colors rediish-yellow and greenish). 
Mustard (miscible, colorless ; afterward milk-white). 

* Maisoh : Proe. Am, Pkar. X, 1860, 888. 
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Nutmeg (afc first colorless ; the lower stratom then brownish and milky to 

clear). 
Peppermint (colors— yellowiah, then reddish, then brown— thickening). 
Boeemary (oolorlesB ; afterward lower stratmn is light-brown). 
Rue (at first cloudy, then pale brownish yellow). 
Valerian (at first purplish-black ; then upper stratum deep violet, lower 

greenish-black, marginal blue and red spots). 
Wormseed (reaction is slow ; heavier liquid red to brown ; lighter liquid 

light brown and almost clear). 
Wormwood (darkens a little without movement). 

108. Beaodon of Volatile Oils with Sulphurio Add 
and Aloohol (Haosr's Method). In a test-tube of about 1.3 
oentim. (0.5 inch) diameter, 5 or 6 drops of the oil are agitated 
with 25 to 30 drops of concentrated sulplmrie aoid, after which 
it is noted how much heat and how much turbidity, if any, have 
been produced. When the liquid, if heated, has cooled again, 
8 or 10 c.c. of 90 per cent, alcohol are added, with brisk shaking 
while the test-tube is closed by the finger. Now the production 
of color and of turbidity are noted. In case of turbidity, after 
standing, a subsident layer usually appears, having a character- 
istic color, and being soluble in cold or in hot alcohol or in 
chloroform. 

(a) The mixture of oil with acid and alcohol, is dear and 
transparenty or but very dighMy turbid^ in case of Oils of 

Amber (with sulphuric add, not heaUd, dark yellow and turbid ; after add- 
ing aleohcd, yellow, slightly turbid, made dear by boiling). 

Anise (with the add, in part dark red and thidc, and in part dear and lim- 
pid ; with the aloohol the thidc part remains dark and undissolved, 
while the liquid part is dear and nearly colorlesi^. 

Bitter Almond (with the add, a brown color and mudi heat witiiout turbi- 
dity ; with the aloohol, a dear and nearly colorless mixture). 

.doves (with the alcohol, the miztore is nearly or quite dear). 

DiU (with add, generation of heat and vapors, with dark ydlo w-red color 
and some turbidity ; with alcohol, a pale dnnamon-brown mix- 
ture, nearly or quite clear— fully clear on boiling). 
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Fennel (with acid, heat and vapore, the mixture dark red and pretty clear ; 

with alcohol, yellowish, clear solution). 
Hustard (with add, very little heat^ yeUowish tint, dear ; with alcohol, 

colorloM and dear). 
Nitrobenzole or ' ' artificial oil of bitter almonds " (without turbidity). 
Peppermint, best (with the add, slight heat and yeUow-red color ; with the 

alcohol, light red, slightly turbid mixture, made dear by boiling). 
Peppermint, American ^wilih the add, heat and dark brown-red color ; 

with the alcohol, brownish and turbid, made dear by boiling). 
Roses (with acid, heat, thick Tapers, and dark brown-red color ; with alco- 
hol, brown, dear, and transparent). 
Valerian (with the add, heat and slight vaporization, daric red color, slight 

turbidity ; with the alcohol, red, turbid, but rendered dear by 

boiling). 

(d) The mixture of oil with acid and alcohol is left more or 
less turbidy in case of Oils of 

Balm (with add, heat, vapors, brown-red color, and turbidity ; with alco- 
hol, cinnamon-brown, somewhat turbid ; after boiling becomes 
dear with separation of dark drops). 

Bergamot (with acid, heat and vapors ; the alcohol solution pale grayish- 
yeUow turbid, with flocculent separate after shaking ; after one or 
two days, the residue is but slight and divisible on shaking, the 
liquid being clear ydlow). 

Cajepnt (with add, heat and vapors, light yellow color and turbidity ; with 
alcohol, i)ale rose-gray turbidity, made dearer by boiling). 

Caraway (with add, heat and vapors, dark yeUow to red-brown color, tur- 
bidity ; with the alcohol, a red and turbid mixture, made nearly 
dear by boiling). 

Cascarilla (with add, heat and vapors, dark brown-red color, turbidity ; 
with alcohol, the same ; an hour after boiling, dark brown-violet 
to bluish-red). 

Cinnamon (Cassia) (with add, a strong heat and vaporisation, dark black- 
brown, very thick mixturo ; after the alcohol, the dark viscid 
mass remaios mostly insoluble, with a milky olive-green liquid 
above). 
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Ck>paiba (with the add, heat and vapors, the color dark yellow-red, with 

turbidity ; with alcohol, red and turbid, not made dear by 

boiling). 
Coriander (with sulphuric acid, heat and vapors, dark red color, scarcely 

turbid ; with alcohol, dark brown, with green shade, and turbid). 
Eucalyptus (with sulphuric acid, heat and vapors, light reddish-yellow 

color, with turbidity ; with alcohol, very turbid, with whitish- 
peach-blow or pale rose-gray color). 
Geranium (with add, much heat and thick vapors, turbid, dark yellow-red; 

with alcohol, turbid and dark brown ; after boiling, turbid and 

red-brown). 
Juniper berries (with add, heat and vapors, turbid, dark-yellow-red ; after 

the alcohol, very turbid, sometimes flocculent, of blackish-rose 

color ; after boiling, turbid ; after a few hours, a light-colored 

resinous mass separates). 
Juniper wood (with add, heat and vapors, turbid, orange-red ; with alcohol, 

pale yellowish, turbid before and after boiling). 
Lavender (with add, heat and vapors, turbid and brown-red ; with alcohol, 

turbid, dark brown with green tint). 
Lemon (Uke Bergamot oil : after one or two days, the slight residue forms 

opaque yellow drops not divisible by shaking). 
Mace (with add, heat and vapors, turbid, dark red ; with alcohol, ttjrbid 

and dark reddish-brown, not made clear by boiling). 
Marjoram (with acid, heat without vapors, turbid and yellow-red ; with 

alcohol, very turbid, peach-blow and almost milky ; turbid after 

boiling). 

Orange flowers (with add, heat and vapors ; after alcohol, turbid and brown, 
approaching red ; after boiling, a little darker and less turbid). 

Orange peel (with add, a strong heat, turbidity and red-brown color ; with 
alcohol, whitish-yellow; turbid before and after boiling). 

Parsley (with add, a moderate heat and a little vapor, very dark red ; with 
alcohol, very turbid, red, with swimming flocks). 

Rosemary (with add, strong heat but no vapory yellow-red and turbid ; 
with alcohol, milky turbid ; turbid after boiling). 

Rue (with add, heat and vapors, dark red, turbid ; with alcohol, raspberry- 
red, turbid ; dear after boiling). 

Sage (like Oil of Rue). 
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SftTioe (with add, strong heat without yapon, modearately tu.'bid, duck red; 
with alcohol, turbid, reddish-clay-oolored ; after lx>i]iiig, lesB tur- 
bid, pale red). 

Tansy (with add, heat and Tapon, dark red, turbid with alcohol, yellow- 
red, leai turbid ; after boiling, dear). 

Thyme (with add, beat and vapon, red, turbid after aloohtd ; after boiling, 
dear, with cwimming oil-drops). 

Turpentine (deyiating greatly from difEerenoes of production and of age). 

Wormseed (Santonira) (with add, moderate heat and vapore, dark red, tur^ 
bid ; with alodiol, dnnamon-brown, turbid ; becoming dear on 
boiling). 

Wormwood (with add, heat and Tapore, red-brown, turbid ; with alcohol, 
daik, green-yioleti opaque, turbid ; becoming dear with more 
aloohoJ^. 

Ylang-Ylang (with acid, heat and Yapors, turbid and dark red ; with alco- 
hol, pale brick-red and very turbid, leas turbid after boiling). 



109. Beactlon of Volatile Oils on 
Paper (G. Williams). Blotting-paper is wetted in a dilute 
alcoholic solution of acetate of lead and dried in an atmosphere 
of hydrosnlplmrio acid. A few drops of the oil are let fall on 
a strip of this paper, which is placed in a (dry) dark place for 
5 or 10 or 15 hours, when the degree of bleaching is noted. 

The paper is hleo/ched by Oils of Lavender, Peppermint, 
Rosemary, Turpentine. The paper is not Ueached by Oils of 
Anise, Bergamot, Cajeput, Cinnamon, Juniper berries, Lemon, 
Orange peel, Sage, Thyme. 

110. Beaotion of Volatile Oils with Sodium (Draoek- 
dorff). The Hydr3carbons are not affected; the Oxidized oils 
are more or less readily decomposed. Ten drops of the oil are 
treated with a small piece of the metal. The result is discovered 
after 5 or 10 minutes. (Alcohol causes^ a prompt reaction, with 
evolution of hydrogen.) Little or no change occurs with Oils 
of Amber, Bergamot, Copaiba, Lavender, Lemon, Nutmeg, 
Pepper, Peppermint, Rosemary, Sage, Turpentine. Oil of Mus* 
tard evolves hydrogen. 
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111. Identifloatioa of Besinifled or Old Oils, or of 

Resins or Fixed Oils in mixture with volatile oils. Evaporate 
1 gram of the oil, on a tared watch-glass, at 70° to 90° C. (or 
over the water-bath). Fresh and unchanged oils, free from mix- 
ture, leave only a scarcely perceptible and not weighable 
residue. 

This residue, fully freed from volatile oil, may be tested for 
Castor Oil, by treatment for cenanthyc acid, as described under 
Eicinoleic Acid (46). 

112. Identifloation of Turpentine Oil. The sparing 
solubility of this oil in aqueous alcohol affects its mixtures with 
other oils, but does not enable it to be separated. The alcohol 
should be 75 to 90 per cent. — ^Heppe's test is with nitroferri- 
cyanide of copper — ^prepared by precipitating solution of sulphate 
of copper with solution of nitroferricyanide of sodium, and 
washing and drying the precipitate. In a test-tube place a bit 
of this reagent as large as a pea, then about 25 drops of the oil, 
and heat, so as finally to boil for a few seconds, and set aside to 
subside. Turpentine oil (also lemon oil) does not suffer change, 
or more than slight change — while the sediment of nitroferricy- 
anide is green or blue-green. Other volatile oils are darkened 
to different colors ; while the sediment of copper salt is gray^ 
brown, or black. 

113. Identifloation of Valerian Oil. One drop of the oil 
is dissolved in 15 drops of bisulphide of carbon, then shaken 
with sulphuric acid, and afterward one drop of nitric acid, of 
spec. grav. 1.2, is added. A fine blue color results when even 
slight portions of the oil are present (FLUCKmEB). 

114. Identifloation of Oil of Peppermint. 50 to 70 
drops of the oil, with 1 drop of nitric acid, of spec. grav. 1.20, 
turns faintly brownish, and afler an hour or two becomes fluores- 
cent — blue-violet or green-blue by transmitted and copper-color 
by reflected light (Fluckiger). — Chloral hydrate, on contact 
with oil of peppermint, colors it reddish. The tint deepens to 
cherry-red, is intensified by sulphuric acid, and varied to dark 
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violet by chloroform. (No color is obtained with oils of lemon, 
bergamot, juniper, rosemary, cloves, anise, or fennel.) 

For qualitative separation of Benzole from volatile oils, see 
119; of Nitrobenzole from Bitter Almond Oil, see 120. 

115. CAMPHOB. C„H„0. Laural Camphor. — A slightly 
unctuous, pellucid solid, friable with cleavage, of specific gravity 
0.985 to 0.996 ; melting at 142° C. (288° F.), slowly vaporizable 
at ordinary temperatures, condensing in hexagonal plates, boiling 
at 204° C. (400° F.) It is aolubU in 1,000 parts of water applied 
by ordinary contact, or in 150 to 200 parts of water by tritura- 
tion with an insoluble powder ; freely soluble in alcohol, ether, 
chloroform, benzole, petroleum naphtha, methylic alcohol, amy lie 
alcohol, creosote, acetic acid, mineral acids, bisulphide of carbon, 
fixed and volatile oils, and forms a liquid mixture with solid 
chloral hydrate. — Minute particles of camphor, dropped upon 
water, rotate, with velocity in proportion to their smallness. 
If an oiled pin-point is then touched to the water, the rotations 
are stopped, and the camphor particles carried out by the 
enlarging circular oil-film. 

By prolonged boiling with concentrated nitric acid or per- 
manganate of potassium, camphor is changed into Camphoric 
Acid. The latter is sparingly soluble in water, from which it 
crystallizes in colorless scales or needles, of sour and bitter 
taste, melting at 70° C, and forming insoluble salts with lead 
and many other metals. — By heating in a closed vessel with 
bromine, Bromated Camphor is formed, as a crystallizable solid, 
not soluble in water. 

lie. CREOSOTE. Chiefly Creosol, 0,H,,0„ and Guaiacol, 
C,HgO,. An oily limpid liquid, of spec. grav. 1.060 to 1.085, 
colorless or yellowish (growing brownish in the light), boiling at 
200° to 206° C. (392° to 403° F.), having a neutral reaction, a 
strong and persistent smoky odor, and a very caustic and smoky 
taste. It is soluble in 60 to 90 parts of water, in all proportions 
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of alcohol, ether, chloroform, benzole, petroleum naphtha, fixed 
and volatile oils, anhydrous glycerin, acetic acid, sulphuric acid 
(with combination and brown color), and in an equal part of 
bisulphide of carbon. It is soluble in aqueous alkalies — forming 
Instable salts. It dissolves (and in commerce usually contains) 
about 3 per cent, of water, from which it is separated by mixture 
With a large quantity of benzole. 

Creosote resembles P/ienic Acid, in most of its physical 
properties, and in its reactions with nitric acid, ferric salts, bro- 
mine, gelatin, and albumen. It is distinguished from Phenio 
acid by not crystallizing when pure ; by gelatinizing collodion ; 
by not giving a blue color v/:th ferric salts in a slightly alcoholic 
and sufficiently dilute solution of ferric chloride, as specified 
under Phenic acid, 35, c (Fluckiger's test) ; by not forming a 
clear mixture with a double volume of 18 to 20 per cent, ammo- 
nia, or with 5 volumes of ordinary (slightly aqueous) glycerin, 
or with a greater volume of bisulphide of carbon; and by 
more sparing solubility in water. 

117. AITTHBACBNE. C^.H^,. A colorless solid, crys- 
tallizing in the monoclinic system, often in four or six-sided 
tablets, having spec. grav. 1.147, melting at about 212° C, sub- 
liming slowly from the solid, and distilling rapidly at 300° C. 
When pure, the crystals show blue or violet fluorescence. It is 
tasteless and odorless, but its vapor at the distilling point is dis- 
agreeable and irritating. — It is insoluble in water, sparingly 
soluble in cold, moderately soluble in hot alcohol^ soluble in 
ether, benzole, and oil of turpentine. — It is not affected by 
alkalies; is acted on by nitric acid, and dissolved with green 
color by sulphuric acid. With picric acid, in saturated alcoholic 
solution, it forms a salt crystallizing in red needles. 

118. AIJZABIN. Cj^HgO^. A yellow to red-yellow solid ; 
by sublimation (at 215° C.) crystallizing anhydrous in red 
prisms, and from solutions crystallizing in golden scales of the 
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hydrate. — Slightly B<dtMe in water ; soluble in alcohol and ether 
(with yellow color) and in concentrated sulphuric acid (with 
brown color) ; soluble in aqueous alkalies and alkaline carbonates 
(with purple color) ; these solutions being precipitated (orange) 
by acids, in good part even by carbonic acid gas. The ammo- 
niacal solution, with salts of magnesium, iron, copper, and silver, 
forms purple and iridescent precipitates ; the potassa solution is 
decolorized by lime-water, and the alcohol solution is decolorized 
by alumina with formation of a red precipitate. 

110. BENZOLE. C^^H with traces of its homologues. 
Coal-tar naphtha. Benzene. — ^A colorless limpid Jiquid, of about 
0.85 spec, grav., crystallizing at 0^ C, melting at 5.5° C, boiling at 
80° or 81° C. (176° or 178° F.), and of a characteristic pleasant 
odor, reminding of rose and of chloroform. It bums with a bright, 
smoky flame. It is not perceptibly soluble in water (to which, 
however, it imparts odor), but is soluble in all proportions of 
alcohol, ether, chloroform, petroleum naphtha, etc. It dissolves 
sulphur, phosphorus, iodine, fixed and volatile oils, camphors ; 
many resins (see 99, y*); many alkaloids (not cinchonia) (133). 

It is distinguished from Petroleum Naphtha by its generally 
greater solvent power (by dissolving hard pitch), and, more 
accurately, by its formation of nitrobenzole and products of the 
latter, as follows: Equal volumes of nitric acid of spec. grav. 



of 1.5 or of concentrated nitric acid containing nitrous acid, and 
of the liquid tested for benzole, are digested in a test-tube by 
immersion in hot water. The nitrobenzole rises in droplets, and 
is recognized by its odor of bitter almond oil and by its giving 
anilin with reducing agents, as stated at 120. 

Or, for more delicate test — ^as in presence of Volatile Oils : 
A few drops of the liquid to be tested are mixed in a cooled 
tube with four times their volume of fuming nitric acid ; the 
mixture is agitated and left a quarter of an hour ; then mixed 
with ten times its bulk of water (which separates drops of nitro- 
benzole). Agitate with ether, which takes up the nitrobenzole ; 
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decant the ether solution, filter, quickly distil the ether from the 
^trate. To the residue add 1 or 2 c.c. of acetic acid and a 
particle of iron (filings), and distil over a very small flame. As 
soon as the liquid is nearly evaporated, add 2 or 3 c.c. of water 
and distil again. Mix the distillates (if acid, neutralize with 
slaked lime and filter), and test with chlorinated lime for anilin 
(violet color) (125, a). 



llOf PETBOLEUM NAPHTHA. Gasolene. <' Ben- 
zene." — ^The rectified distillate of petroleum, having a boiling 
point of about 49** C. (120** F.) — specific gravity about 0.605. 
Consists chiefly of C,H„H, with a little C^„H and other 
homologues. — Characterized by an agreeable odor and anaesthetic 
effect ; by a wide range of solubilities ; and by resisting the 
action of alkalies and most acids, while decomposed by heating 
with nitric acid. — Distinguished from Benzole by a lower 
specific gravity (even when both are of the same boiling point), 
and, more accurately, by not forming nitrobenzole (119). 

120. inTBOBENZOIiE. C,H.(NO,). '' Essence of Mir- 
bane." " Artificial oil of bitter almonds." Nitrobenzene. — ^A 
yellowish, oily liquid, of spec^ grav. 1.21, crystallizing below 
3° C, and boiling at 220«* C. (428° F.) It has the odor of bitter 
almond oil, with equal persistence ; a very sweet taste, and a 
highly poisonous effect taken by inhalation or through the 
mouth. — It is insoluble in water, freely soluble in alcohol, ether, 
chloroform, fixed and volatile oils. — ^It is identified by its odor — 
coinciding with its reaction for anilin. When a few drops are 
digested in a test-tube with zinc, acetic acid, and iron or magne- 
sium wire, and the mixture extracted with ether, the residue of 
the latter gives reactions for anilin. See Benzole (119) and 
Anilin (121). Or a few drops are digested and shaken with zinc 
and dilute sulphuric acid, the mixture filtered through a wet 
filter, and the filtrate tested (with chlorate of potassium) for 
anilin. Both the above methods are applicable in presence of 
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Bitter Almond oil ; also the following : Two or three cubic cen- 
timetres of the oil to be tested for nitrobenzole are agitated with 
about half its weight of fused potassa. If nitrobenzole is 
present, a reddish-yellow color appears, quickly turning to green, 
and if water is added there is separation of an upper layer of 
green, turning red the following day. Finely-divided zinc or 
iron, alone, digested at 100° C. for a day o.r two, reduces nitro- 
benzole to anilin. — Nitrobenzole is distinguished from bitter 
almond oil and other Volatile Oils by its specific gravity. 



BASES: LIQUID AND SOLID. 

121. ANILIN. (CjHjH^. Monophenylamin. — Pure 
anilin is a colorless, limpid, oily liquid, of spec. grav. 1.028, 
vaporizing slightly at ordinary temperatures, boiling at 182° C. 
It is neutral to litmus, of bitter, burning taste, and vinous, aro- 
matic odor. It is slightly soluble in water — the solution having 
a faint alkaline reaction ; also it dissolves a little water. It is 
soluble in all proportions of alcohol, ether, chloroform, and most 
fixed and volatile oils, and in about equal volumes of bisulphide 
of carbon or benzole, but not perfectly in greater volumes of 
either. It is sparingly soluble in glycerin. 

122. The Anilin Oil of Commerce contains more or less 
Toluidin, with traces of benzole, phenic acid, nitrobenzole, acetic 
acid, acetone, etc. " Kuphanilin " contains about 90 per cent, of 
phenylamin, and has a boiling point of 180® to 190° C. " Bara- 
nilin " is mostly toluidin, with a little cumidin and cymidin, 
boiling at 195° to 215° C* 

* (Moiio)pheiiylam£ii, (G«Hs)HsN. 

Toluidin, (C7H7)H»N. 

Xylilin, (C8H»)H»N. 

Cumidin, (C9Hii)HsN. 



J 
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128. Phenylamin with aeich forms saUSy crystallizable, 
soluble in water and in alcohol, many of them soluble in ether. 
The oxalate is sparingly soluble in cold absolute alcohol, insoluble 
in ether ; the hydrochlorate is soluble in ether, not in cold chlo- 
roform. Anilin salts are readily decomposed by fixed alkali, 
when the anilin may be separated by ether. In the cold, anilin is 
displaced by ammonia ; with heat, ammonia is displaced by anilin. 

124. ToLuiDiN has, with most solvents, nearly the same 
solubility as phenylamin. It forms few salts; the oxalate is 
sparingly soluble in water. 

125. Anilin is identified^ through formation of Anilin Red 
(rosanilin, fuchsin, or magenta), by chlorinated lime or chlo- 
rinated soda («), by ferric chloride (ft), by binoxide of manga- 
nese and sulphuric acid (c) ; and by its reaction with chlorate of 
potassium and hydrochloric or sulphuric acid (J), and with 
mercuric chloride (e). It is distinguished from Alkaloids 
(including Conia and Nicotia) by giving no precipitates with 
potassio mercuric iodide solution, or with iodine in iodide of 
potassium solution, or picric acid in presence of sulphuric. It 
coincides with Alkaloids in giving precipitates with phosphomo- 
lybdate {^f)y and with tannic acid (g), — It is characterized by a 
moderate redwing power (A). Anilin is examined as regards 
its j9rojj>or^f(W o/^ 7b/m«Kw, *s explained in a. It is separated 
from benzole, nitrobenzole, and other associated impurities by 
fractional distillation. 

Anilin Hed is a term for various salts and compounds of 
EosANiLiN (C,pHj,N, .H,0). This is a triatomic base which is 
colorless when pure — ^in the air becoming rose-red, or if formed 
in part from toluidin becoming brown, also dissolving freely in 
alcohol with a red color. It is nearly insoluble in water and 
insoluble in ether. It forms mono-acid salts having an intense 
crimson color (in solution), and tri-acid salts of yellowish-brown 
color. — ^As formed from commercial anilin, by oxidizing agents, 
rosanilin has a rich violet-purple color, changed to red by acids, 
and restored to violet-purple by alkalies. In proportion as 
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fonned from toluidin, the color becomes brown. Ether extracts 
the brown, leaving a blue. 

a. A water solution of anilin or its salts, with a little solution 
of ohlarinated lime or chlorinated soda ^ves a purple-red color, 
changing to brown-red by exposure to the air, or to rose-red by 
addition of acids. The color passes into a brown ; if the mixture 
be shaken with ether, the latter rises to the surface as a brown 
layer, leaving a blue liquid below. 

ft. To a small portion (10 c.c.) of a very dilute solution of 
anilin, strongly acidulated with hydrochloric acid, add of a concen- 
trated solution of ferric chloride two or three drops, or enough 
to give a yellowish tint, and heat gradually to boiling. The 
color becomes darker tp opaque violet-brown. When a precipitate 
separates, filter and wash with water; then treat the precipitate 
with 60 per cent, alcohol, when the violet color is dissolved. The 
aqueous filtrate, shaken with chloroform, forms two light red layers, 

e. A diluted solution of anilin, acidulated with sulphuric acid, 
on agitating with binozide of mangaiieie, quickly gives a blue to 
purple-red color, more intense after warming to 50° or 60° C. 

d. Chlorate of potassiiim with hydrochloric or sulphuric acid, 
when strong, forms a red resinous substance; when dilute, a 
violet color. 

6. Mercuric chloride, in the solid state, gently heated with 
anilin, converts it into a dark-purple mass which gives a red 
solution in alcohol. 

y. Phosphomolybdate of sodium with solutions of anilin aci- 
dulated with sulphuric or oxalic acidi gives a blue precipitate 
becoming yellow (with Nicotia, the precipitate is yellowish at 
first). Addition of ammonia of 18 or 20 per cent, dissolves the 
anilin precipitate with deep blue color (the Conia precipitate is 
left blue but undissolved by ammonia). 

g* Tannic acid, with solutions of anilin not very dilute and 
not containing free acid or free ammonia, a white precipitate of 
tannate of anilin. 

A. Anilin reduces permanganate solution, but not potassio 
cupric sulphate. 
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126. ALKALOIDS. — Volatile and Non-volatile. — 7%6 
volatile alkcUoids are composed of C, H, and N, without O ; and, 
in their consistence, vaporization, and other physical properties, 
resemble the volatile oils, but differ from them by approaching 
the character of ammonia. They are expelled from their salts 
by fixed alkalies and heat. The most important are the five 
following. (For Solubilities, see 133 ; Separations, 134 ; Com- 
parative reactions, 131 and 135 to 143.) 

Anilin (121). 

127. CoNiA.* CgHjjN. A colorless liquid, of spec. grav. 
0.89, wasting slightly at ordinary temperatures, distilling almost 
wholly with steam at 100° C, boiling at 160° to 180° C. It has 
a mouse-like odor, sharp taste, and strong alkaline reaction. It 
resinifies, yellowish, in the air. Its administration causes enlarg- 
ment of the pupil. It is a strong base ; its salts being soluble 
in water and alcohol, not in ether. It coagulates albumen. 

128. LoBELiNA. An oily, volatile liquid, of alkaline reac- 
tion. Its administration dilates the pupils. 

129. NicoTiA. C^H^M". A transparent, oily liquid, of spec, 
grav. 1.048, distilling with steam at 100° C, or dowly alone at 
146° C, boiling at 243° C. It has an ethereal, tobacco-like odor 
(when pure), and (in dilute solution !) an acrid taste. In reaction 
it is strongly alkaline. It resinifies in the air. 

130. Trimethylamia. C.H,!!'. Propylamin. Secalin. — A 
colorless liquid below 5° C, its vaporizing point. (Soluble in 
water and alcohol.) It has an odor of herring and of ammonia, 
a sharp, bitter taste, and an alkaline reaction. Its salts are crys- 
tallizable, and soluble in water and (mostly) in alcohol. Its 
hydrochlorate is soluble in absolute alcohol (separation from 
Ammonia). Its water solution precipitates aluminum salts and 
then dissolves the precipitate (distinction from Ammonia). Its 
solution in equal weight of water is combustible. 



* The termination a is given in this work to all the alkaloids, but the 
terminal n is used hy many writers. 
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132. n'on-Yolatile Alkaloids and accompanying Glucosides. 
(For Solubilities, 133 ; Separations, 134 ; Reactions common to 
alkaloids, 135, 142, 143.) (For Determinations of Quantity. 
135a, 142, 143.) j 

AcoNiTA. C.^H^^WO^. — Glacial mass or white powder. Crys-; 

tallizes with difficulty.— 136 (135, c, /). ^ 

Atropia. ) Oj^H^NO,. — Prisms ; stellated tufts ; white powder ; - 
Daturia. J fusible at 90° C— 136, 135. S 

Berberina. C,jH„NO,(H[,0)^. — Light-yellow silky needles, or 

grouped prisms. — 136, 138. 
Brucia. C,,H,jN,0^. — Colorless; delicate needles; four-sided 

prisms.— 136, 137, 188, 140, 139. 
Caffeina. C^HjNjO. — White, silky needles ; fusible at 178° C. ; 

subliming at 185° C— 136, 140 (135, a, e, g). 
CiNCHONiA. CjjHj^NjO. — Four-sided prisms or needles ; fusible 

at 165° C— 136. 
CiNCHONiDiA. OjjHj^NjO.- — ^Hard rhombic prisms, with striated 

faces. Melts at 175° C. 
CoDEiKA. CjgHjjNO,. — Rectangular octahedrons ; or (in presence 

of water) trimetric— 136, 138, 139. 
CoLGHiciA. C„H„NOj. — Colorless prisms or needles; yellow- 
ish-white powder ; glacial. — 135, 136, 138, 140. 
Daphnin. C.jHjgOj,. — ^Rectangular prisms. Odorous above 

100° C. ; above 200° C, Daphnetin.— 138, 141. 
Delphina. — ^Amorphous ; powder white with yellow tint. Melts 

to resinous mass. — 136 (135, e). 
DioiTALiN. C^HjgO^. — Difficult to crystallize. A Glucoside. — 

136 (135a) (142). 
Emetia. CjjH^^NjO^. — Yellow-white powder. Melts at 50° 

C— 136, 138 (135, e). 
Ergotina. Cj,H„N,0,. — ^Red-brown powder. — 136. 
Htdrastia. — Colorless, shining, four-sided prisms. Above 100° 

C, melts.— 136, 137, 140. 
Hyoscyamia. C,jH„NO,. — Stellate groups of silky needles; 

amorphous and pasty. Fusible. — 136. 
Igasuria. — Colorless, lustrous prisms. Fusible. — 136, 138, 140. 
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Morphia. C„Hj,NO,(H,0). — Short, transparent, trimetrio 

prisms. Anhydrous at 120°.— 136, 138, 141. 
Narceina. Cj,H,,NO,. — Colorless, delicate needles. Fusible. — 

136, 137, 138, 139. 
Narcotina. C„H„N0,. — Colorless, rhombic prisms. Fusible. 

—136, 138, 189. 
Opiania. C,^,N^O,j. — ^Right rhombic prisms. — 138, 189. 
Papavbrina. C,,H,jNO^. — Colorless, acicular crystals. — 186, 

138. 
Pattina. C,jH,^N,0. — Colorless crystals. 
Phtsostiomia. Cj,H,jN,0,. — Amorphous, brownish-yellow ; 

solutions, red to blue. — 136, 140. 
PiCROToxiN. CjjHj^O,. — Nee<Hes; stellate; laminae. Reduces 

cupric hydrate. — 137. 
PiPERiN. Cj,H„NO,. — Colorless, monoclinic prisms. Melts at 

100«> C— 136, 138. 
PsEUDOMORPHiA. C„H„NO^. — Fine, lustrous crystals. — 136, 

138, 141. 
QuiNiA. CjjHj^NjO,. — Hydrate, in fine needles. Solutions, 

blue-fluorescent. — 136, 140. 
QuiNiDiA. CjjHj^NjO,. — ^Transparent, monoclinic prisms, eflio- 

rescent.— 136, 140. 
Rhceadia. CjjHjjNO,. — Small, white prisms. Melts at 232° C. 

— Purple-red with acids. 
Sabadillia. 0„H,eN,O,. — Cubic crystals (Needles?). Reacts 

with sulph. acid like Veratria (136) 135, e. 
Salicin. Cj,HjgO^. — Tabular or scaly crystals. — Melts at 

120° C. A Glucoside.— 186. 
Saponin. C,jHj^Ojg. — ^Amorphous. Aromatic odor, sweet taste, 

burning after-taste. A Glucoside. 
SoLANiA. C^,Hj,NOjj. — Silky needles ; right, four-sided prisms. 

A Glucoside.— 136, 138. 
Strychnia. C,jH,^N,0,. — Four-sided prisms, trimetric, white. 

Fusible.— 136, 137. 
Thsbaina. C„H,jNO,. — Thin, square tablets of silvery lustre. 

Fusible.— 136, 138. 
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Thbobromina. C,HgN^Oj. — ^Microscopic, trimetric crystals, in 

club-shaped groups. — 136, 140. 
Ver ATRIA. C„H^jNjOg. — ^White or greenish- white crystallized 
powder. Warmed with Hd, violet. — 136. 

133. Solubilities of the Alkaloids. — In alcohol they are 
generally freely soluble, the following being the only important 
exceptions and notices to be made : ' 

Cafieina — in 30 parts strong alcohol. 
Morphia — in 30 parts boiling or 50 parts cold absolute ; in a 

somewhat smaller quantity of 90 p. c. alcohol. 
Narceina— easily in hot, in 950 parts cold 85 p. c. alcohol. 
Narcotina — in 25 parts boiling or 100 parts cold 85 p. c. alcoho}. 
Opiania — slightly in hot, scarcely at all in cold alcohol. 
Pseudomorphia — nearly insoluble. 
Solania — in 150 parts hot or 500 parts cold alcohol. 
Strychnia — difficultly soluble in absolute, soluble in 115 parts 
of 95 p. c, 125 parts of 90 p. c, 130 parts cold or 15 
parts boiling 75 p. c, 250 parts cold or 25 parts boiling 
50 p. c. alcohol. 
Theobromina — in 50 parts hot or 1500 cold alcohol. 

The solubilities given for ether in the table refer to ether 
nearly or quite free from alcohol. 

Benzole (of coal-tar), as used below, distils at 60° to 80° C. 
(140° to 176° F.), leaving no residue. 

Amylic alcohol dissolves 0.1568 part of Codeina, 0.0026 part 
of Morphia, 0.0032 part of Narcotina, 0.0130 part of Papaverina, 
and 0.0167 part of Thebaina (Kubly). 

Ether dissolves from cu^d solutions — Colchicin, Digitaiin, 
Picrotoxin — ^in general not the (other) alkaloids. 

Petroleum Naphtha, as used below, distils at from 40° to 
60° C. (104° to 140° F.), leaving no residue. 

Amylic Alcohol should be strictly free from ethylic alcohol. 

The acid used with chloroform, benzole, etc., is sulphuric 
acid, added just to an acid reaction, and forming sulphates of the 
alkaloids. 
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134. 8e]»ration of Alkaloids from (solid) Albumenoid, 
Fatty, and ExtraotiYe Matters. — (1) The alkaloids are dis- 
solved out, as salts (tartrates, sulphates, or acetates) by alcohol, 
at a gentle heat ; the filtered solution is evaporated to dryness, 
and the residue dissolved as before, etc. For removal from 
Fats, the residue is dissolved in slightly acidulated water ; the 
(filtered) solution evaporated and the solution repeated, etc. — 
The residue, in which the alkaloid is a salt, is washed with ether, 
as long as the ether removes anything (Otto's modification, 
1856). The washed residue is treated vrith alkali, in presence 
of ether, which dissolves the nascent alkaloid. The residue from 
the ether solution is, if necessary, purified by extraction with 
alcohol, or acidulated water, or each, as required (Stas' method, 
1851). Also, this method is adapted for volatile as well as fixed 
alkaloids. [The extraction with ether may be followed by use 
of chloroform.] 

(2) A somewhat more simple method upon the same princi- 
ple, for non-volatile alkaloids only, with use of chloroform 
instead of ether, and with carbonization by snlpliiiric acid 
(RoDGERS and Gird wood, 1856). Designed, by its authors, for 
strychnia only; but applicable for all alkaloids soluble in 
chloroform and not decomposed by concentrated sulphuric acid 
at 100° C. 

(3) The use of amylio alcohol (as in Otto's and Stas' method) 
to wash the CLcid solution of alkaloids clean of all matters soluble 
in amy lie alcohol, and, afler saturating with alkali, dissolving the 
alkaloid in the same solvent. Then, the amylic-alcohol-solution 
of alkaloids is washed with acidulated water, whereby the alka- 
loids are removed from the former solvent and taken up by the 
water as salts. This is repeated until purification is complete. 
The method is applicable only to those alkaloids not soluble in 
amy lie alcohol from acid — ^see Table, 133 (Uslar and Erdmann, 
1861). 

(4) The use of animal charcoal to withdraw an alkaloid 
(strychnia) from a solvent ; after which the alkaloid is extracted 
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from the charcoal by a more effective solvent. (Graham and 

HOFMANN, 1853.) 

(5) Dialysis of the alkaloids, as salts, from colloid matters 
(Graham, 1862). 

(6) Separation of Alkaloids from each other, as well as 
from indeterminate matters, etc. The use of petroleum, 
naphtha^ benzole, chloroform, and amylic alcohol, each first in 
acid and then in alkaline solutions — extracting back to acidulated 
water (as in method of Uslar and Erdmann) when necessary to 
purify. Division of the alkaloids into about eight groups. 
(Draoendorff, 1868.) 

(7) Separation of alkaloids from each other and from 
associated Glucosides, by an -extension of the method last 
named. 

(8) Separation of alkaloids from each other by their solu- 
bility in alkali 

(9) Separation of pure alkaloids from each other by successive 
use of ether, water, and chloroform. (Prescott.) 

(1) Otto's and Stas* Method, — ^An aliquot part of the mate- 
rial is finely divided if solid, or concentrated if liquid, and 
subjected to digestion, at about 60° C, (140° F.), with a double 
weight of 90 per cent, alcohol, with addition of 0.5 to 2.0 grams 
tartaric acid (or oxalic acid). This extraction is completed by 
expression and digestion with another portion of alcohol, repeated 
two or three times. — ^The filtered liquid is now concentrated to a 
small bulk — by use of gentle heat, or in vacuum [or heat with 
partial" vacuum from condensation by use of two connected 
flasks*], or by gentle heat in a stream of air with use of a tubu- 
lated retort. Fat is separated by filtration through a wet filter, 
and the filtrate evaporated nearly or quite to dryness, in vacuum 
or over sulphuric acid. — Macerate the residue in absolute 
alcohol (for 24 hours), and evaporate the filtrate at a heat not 
above 40° C. (104° F.) — ^Moisten the residue with water, and 

* iPBasooTT : Chem, News, zz., p. 223 (1870, Jao ) 
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add bicarbonate of sodium or potassium as long as there is effer' 
vescence. — Add three or four volumes of ether (free from oil of 
wine and not heavier than 0.725 s. g.) and agitate. Evaporate a 
portion of the clear ether upon a watch-glass ; a residue in oily 
streaks, collecting into droplets, having a pungent odor and alka- 
line reaction, gives evidence of volatile alkaloids. 

If volatile aOcabnds are present, the material is farther treated 
for a short time with a little strong potassa solution, and then 
extracted in a flask or large test-tube with repeated portions of 
the ether. Acidulate the ether solution with dilute sulphuric 
acid, stopper tightly and agitate, and remove the ether layer. 
(Ammonia, anilin, nicotia, picolin, as sulphates, are not soluble 
in ether ; conia sulphate is slightly soluble in ether.) Evaporate 
the ether, at ordinary temperature, and test for Conia. — ^To the 
acid watery residue add excess of potassa or soda, and extract 
with ether as before. Evaporate the ether at low temperature, 
and test the residue for volatile alkaloids (126). — For non-volatile 
alkaloids, unite this residue with any fixed residue left by that por- 
t\pn of ether taken afler adding bicarbonate, and treat as follows : 

For non-volatile alkaloids, evaporate the (first) ether-extract, 
(dissolve in a very little very dilute sulphuric acid (leaving a 
decided acid reaction) and wash with et/ier (absolute or nearly 
so) as long as anything is washed away. — Now add fresh ether, 
then add excess of concentrated solution of carbonate of sodium 
Qr potassium and extract thoroughly with several portions of the 
ether.— The residue fron> the ether may be purified by extraction 
with water acidi/ied by sulphuric acid ; then the concentrated 
aqueous sulphate is treated with carbonate of potassium in 
^ji^cess ai)d e;c(racted with ab8oli4$e alcohoL — At each evaporation 
the appearance of crystals Is watched. Crystallization from 
ethereal solutions is greatly promoted by adding alcohol. 

(2) Rodgers and OirdwooWs method. — ^The material is 
digested with dilute liydroMoric acid at a moderate heat for 
about two hours ; the filtered extract evaporated to dryness on 
the water-bath ; the residue extracted with water and filtered ; 
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and the filtrate supersaturated with ammonia and then extracted, 
in a flask, with chloroform. — ^The solid residue from the chloro- 
form is moistened with concentrated sulphuric acid and lefl on 
the water-bath for half an hour or longer to carbonize foreign 
organic matters. When cool, it is then extracted with water. — 
The water solution is saturated with ammonia and again extracted 
with chloroform. If the residue of (a portion of) the chloroform 
blackens on warming with sulphuric acid, the (whole) residue is 
again treated with sulphuric acid on the water-bath,, extracted 
with water, and the aqueous solution with ammonia and 
chloroform. 

(3) Method of JJslar and Erdmarin. — Digest the material, 
brought to the consistence of a thin paste and acidified with 
hydrochloric acid, for an hour or two, at 60° to 80° C. (140° to 
176° F.), and strain and press through wet linen, washing the 
residue with water acidified with hydrochloric acid. — Evaporate 
the united solutions, with addition of clean sand and of ammonia 
in excess, and triturate to a powder. Boil the residue, repeat- 
edly, with amylic alcohol, and filter the extracts hot through 
paper moistened with amylic alcohol. The filtrate is usually 
yellowish, and holds fatty and coloring matters, with the alka- 
loids, in solution. — ^Transfer the filtrate to a cylindrical vessel, 
add ten or twelve times its volume of water acidified with 
hydrochloric acid and nearly boiling, agitate vigorously and set 
aside. Remove the amylic-alcohol-layer with a pipette. (This 
should be nearly or quite free from all those alkaloids not soluble 
in amylic alcohol with acid — the only ones considered in this 
process. See Table, 133. This amylic alcohol, however, may 
well be washed with one portion of hot acidulated water.) Wash 
the water-acid liquid with several portions of amylic alcohol. — 
Concentrate the water-acid liquid, add ammonia in excess, and 
repeat the extraction with hot amylic alcohol. — If the liquid is 
colored, or if the residue of a few drops is blackened by a drop 
of sulphuric acid, again extract by much hot acidulated water, 
and then by amylic alcohol. 
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(4) Method with Animal Charcoal. — Shake two ounces 
animal charcoal in half a gallon of the aqueous, neutral or feebly- 
acid, liquid ; let the mixture stand 24 hours, with occasional 
shaking ; filter ; wash the charcoal once or twice with water ; 
then boil half an hour with 8 ounces of alcohol of 80 to 90 per 
cent, (condensing and returning the evaporated alcohol.) Filter 
and evaporate the filtrate. — (Devised by its authors for separa- 
tion of strychnia from beer.) 

(5) Dialysis. — ^The aqueous liquid or suspended material is 
acidified with hydrochloric acid, and floated, in the dialyzer, over 
pure water. The dialyzed liquid usually contains foreign matter ; 
still to be removed by some other process. 

(6) Use of Naphtha^ Benzole, Cldoroform, and Amylic 
Alcohol, each in Acid and in Alkaline Solutions. Dragen 
dorff^s Method. — ^The finely-divided material is extracted several 
times with water acidulated with sulphuric acid, digesting 
several hours at a temperature of 40° to 50° C. (If it is desired 
to examine for the glucosidcs, colchicin, digitalin, solanin, the 
digestion should be made at ordinary temperatures. Piperin 
may be in part undissolved.) The filtrate is treated with suffi- 
cient calcined magnesia to leave only a slight acid reaction, and 
evaporated over a water-bath to the consistence of a syrup. This 
is placed in a flask, treated with three to four parts of 70 to 80 
per cent, alcohol, acidulated with sulphuric acid, and digested 
with frequent agitation, for 24 hours, at about 30° C. When 
cold, the liquid is filtered, the residue being washed with alcohol. 
The filtrate is evaporated to remove all the alcohol, and diluted 
with water : solution A. 

Solution A is digested and washed in a flask with petroleum 
naphtha (see 133), at about 35° C. Fats, colors, etc., and, if 
present, Piperin are dissolved: solution B. — ^Thc watery -acid 
residue from solution B is digested and washed with benzole at 
about 45° C. If a small portion of the decanted benzole gives a 
perceptible residue, the whole is nearly neutralized with magne- 
sia or ammonia (leaving a distinctly acid reaction) and then 
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thoroughly extracted with the benzole : solution C. This benzole 
solution is evaporated in glass dishes, for examination of the 
residue. - It may contain Caffeina^ Colchicine Cuhehin, Delphina, 
Dxgitalin (and traces of Berberin, Physostigmin, and Veratria). 
See also under (7), 134. — ^The watery-acid residue from solution 
C is now extracted with amylic alcohol: solution D. In this 
solution there may be Berberin (traces in C), Narcotina (perhaps 
only in part), Physostigmia (traces in C), Theobromina, Veratria 
(and traces of Aconitina and Atropina). — ^The watery-acid residue 
from solution D is now extracted with chloroform: forming 
solution E. This may contain Papaverina, Narcotina (if not 
wholly in D), Thebaina, and perhaps Veratria left from the 
benzole of C. 

The watery-acid residue of E is now made slightly alkaline 
by ammonia, and extracted at about 35^ C. with petroleum 
naphtha. — If a little portion of this solution gives a colored 
residue, the whole of it is thoroughly washed with much water 
acidulated with sulphuric acid, thus transferring the alkaloids to 
watery-acid solution, from which they are again extracted by 
making alkaline and washing with petroleum naphtha. This, 
solution P, in petroleum naphtha, may contain Brucia, Conia, 
Emetia, Nicotia, Quinia, Strychnia, and remaining traces of 
Veratria. — ^Two of these are volatile and liquid alkaloids, soluble 
from the residue in cold water. Evaporation of the naphtha 
leaves quinia and strychnia crystalline ; brucia, emetia, and vera- 
tria, amorphous. Quinia, emetia, and veratria are soluble in 
absolute ether ; brucia and strychnia insoluble. 

The watery-alkaline residue of F is now extracted, several 
times with benzole, at about 40° C. If a portion of the benzole 
leaves a colored residue, the whole is extracted with acid-water 
and again taken up with benzole for purification, as directed 
above for naphtha. Solution G (in benzole) contains Aconitia, 
Atropia, Cinchonia, Codeina, JSyoscyamia, Physostigmia, 
Quinidia. — ^These alkaloidi are all soluble in ether, except cin- 
chonia. If the residue of the others is dissolved in water 
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acidulated with sulphuric acid and then supersaturated with am- 
monia, aconitja and quinidia are precipitated ; while atropia, 
codeina, hyoscyamia, and physostigmia are (for a brief time) dis- 
solved. The aconitia and quinidia precipitate being dissolved in 
hydrochloric acid, platinic chloride precipitates only the quinidia. 

The watery alkaline residue of G is now acidulated with 
sulphuric acid and washed at about 55^ C. with amylic alcohol ; 
then made alkaline with ammonia and extracted with amylic 
alcohol at the same temperature. If the residue of a portion of 
the solvent is colored, the alkaloids are extracted from the whole 
by acidulated water ; and again extracted by amylic alcohol in 
presence of alkali (as directed for F and G). Solution H (in 
amylic alcohol) contains Morphia^ Narceina, Solania. — Nar- 
ceina is dissolved from the residue by warm water. 

The watery alkaline residue of H, which may be termed 
solution I, may contain Ouraririj and traces of Berberina 
(Digitalin) and Narceina. The solution (I) evaporated to dry- 
ness, with pulverized glass, yields its alkaloids to alcohol. 

(7) Separation of Alkaloids and Glucosides from each 
other, Dragendorff^s scheme. Use of the solvents and opera- 
tions employed in (6). 

A. Benzole dissolves, from acid (sulphuric) aqueous solutions 
— Caffeina, Colchicin (incompletely), Colocynthin, Cubebin, 
Delphina (incompletely), Digitalin, Elaterin, Narceina, Piperin, 
Syringin — ^and traces of physostigmia and veratria. 

B. Benzole dissolves, from alkaline (animoniacal), aqueous 
solutions — Aconitia, Atropia, Brucia, Cinchonia, Codeina, Conia, 
Delphina, Emetia, Hyoscyamia, Narceina (imperfectly), Naroo- 
tina, Nicotia, Papaverina, Physostigmia, Quinia, Quinidia, Strych- 
nia, Thebaina, Veratria. 

c. Benzole fails to dissolve, more than traces, from alkaliQe 
solutions — Morphia, Salicin, Solania, Syringin, Theobromina. 

D. Benzole does not dissolve, either from acid or alkaline 
water solutions — Curarin, Picrotoxin, Salicin, Theobromina. 
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s. Benzole, Petroleum Naphtha, Amylic Alcohol, and Chlo- 
roform, all fail to dissolve, from acid or alkaline solutions, 
Curarin. 

F. Amylic alcohol dissolves, from acid (sulphuric) water 
solutions, more readily when warm — Aconitia (very sparingly), 
Berberina (in greater part), Brucia (in traces), Caffeina, Cantha- 
ridin, Colchicin, Cubebin, Delphina, Digitalin, Narceina (spar- 
ingly), Narcotina, Picrotoxin, Piperin, Salicin, Santonin, Theo- 
bromina, Veratria. 

6. Petroleum Naphtha leaves undissolved^ from acid or alka- 
line solutions — Aconitia, Berberina, Caffeina, Curarin, Narceina, 
Salicin, Syringin, Physostigmia, Theobromin. 

H. Petroleum Naphtha dissolves from a^d (sulphuric) watery 
solutions — ^Piperin, Populin. 

I. Petroleum Naphtha dissolves from atkaline (ammoniacal) 
solutions — Brucia, Conia, Emetia, Nicotia, Papaverina, Quinia^ 
Strychnia, Veratria, and traces of aconita, berberina, cinchonia, 
delphina, narcotina. 

J. Petroleum Naphtha does not dissolve, from alkaline solu- 
tion — Caffeina, Colchicin, Delphina. 

K. Chloroform dissolves from the add (sulphuric) water solu- 
tion — Caffeina, Colchicia, Colocynthin, Cubebin, Delphina (spar- 
ingly), Digitalin, Narcotina, Papaverina, Piperin, Picrotoxin, 
Santonin, Thebaina, Theobromina. 

L. Chloroform dissolves from the alkaline (ammoniacal) 
water solution — Aconitia, Atropia, Berberina (sparingly), Brucia, 
Caffeina, Cinchonia, Codeina, Colchicin, Conia, Cubebin, Del- 
phina, Digitalin, Emetia, Hyoscyamia, Morphia (sparingly), 
Narcotina, Narceina (sparingly), Nicotia, Papaverina, Piperin, 
Quinia, Strychnia, Thebaina, Theobromina, Veratria. 

(8) Sepa/ration of certain alkaloids from each other by 
solvhUity in alkali. 

A. Solutions of Fixed Alkalies precipitate, and by excess 
redissolve, in dilute solution — ^Atropia, Berberina, Codeina, 
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Conia, Hyoscyamia (partly), Morphia, Nicotia, Solania — Colchi- 

cin being decomposed. 

Most of the other well-known alkaloids are left in precipitate 

by excess of fixed alkali. 

B. Of those not redissolved by fixed alkalies, Ammonia in 

strong excess dissolves from precipitate — Aconitia, Colchicin, 
Hyoscyamia, Physostigmia, Strychnia. 

(9) Separation by successive use of Mher, Water {and 
Chloroform). — ^The alkaloids are previously obtained pure, as 
bases, and in the solid state finely divided. The ether used is 
absolute, applied in proportion of 40 to 60 parts to one of the 
solid, with agitation and digestion in a stoppered flask. The 
wcUer is applied hot, and in proportion of fully 100 parts to one 
of solid. The chloroform should be nearly or quite free from 
alcohol, and 20 to 40 parts used. Alkaloids which are appre- 
ciably divided by the solvents have their names placed in 
parentheses. 

Alkaloids. 

Treat with Ether and filter. 



EvaporaUYi\ta9l» (a) to resl 


Besidne (b). 


dne (a). 




SVeafresldne (a) ir»A wmter 


ly-eat Besidne (b) toith water. 


Flit. (A) Be8.(B). 


Filtrate (c). Besidne (d; 


Evap.Vo res. 


Evap. to T&AHvie (o). 


(A). 


TYeat (o) toUh ehloroform. Treat (d) wtth clilorofonii. 




Flit. (C). Bea. (D). FOt. (E) Bes. (F). 




Boap. to resld. Eoap, to ret. 




(C) (E). 


(A) (B) 


(C) (D) (B) (F) 


8ol, in Ether, 8oL in Ether. 


Ine.in Ether, Int. in Ether, Ins. in Ether, In». in Ether. 


** WaUr. Ins, in Water, 


SoLinWuter, SoLin Water. ** Water. •* WaUr, 




•* ChPm. Ins. in ChTm. Sol. in ChVm. " ChPm, 


Aconitia. I>elphlna. 


(Berberlna). (Berberfna). Clnchonia. (Digitalin.) 


Atropia. (Hydnustia). 


Brncia. Ergotlna. (Digitalin). Psendomor* 


Codeina. (Lobelina). 


Cafleina. (Narcelna). (Hydrastia). phia. 


Colchicin. Narcotlna. 


Emetia. (Salicln). Morphia. Bolanla. 


Conia. Paytina. 


(Igasnria). (Saponin). (Narcelna). (Theobiomlna). 


HyoBcyamia. PbyBostlgmia. 


(Karceina). Papayerina. 


(Igasnria). Piperin. 


(Picrotoxin). Bhocadla. 


Nlcotia. Qalnia. 


(Salicln). Strychnia. 


(Ficrotoxin). Qoinidla. 


(Saponin). (TheobromlDa) 


ThetMtina. 




Yeratria. 


1 
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136. Betection and separation of alkaloids as a class* 

The material is obtained in solution, and free from albumenoid, 
gelatinoid, gummy, coloring, and " extractive " substances. 
Also, the presence of inorganic acids, bases, or salts which react 
with the several reagents, must be avoided. Then, (he alkaloids 
are precipitated — by potassio mercuric iodide (also a means of 
volumetric determination) (a) ; by phosphomolybdic acid (per- 
mitting a division of alkaloids by subsequent use~of ammonia) 
(b) ; by metatungstic acid (c) ; by potassio cadmic iodide (<Z) ; 
by picric acid (with distinguishing exceptions) (e) ; by tannic 
acid (with exceptions and peculiarities) (f) ; by solution of 
iodine with iodide (^). 

a. The potassio mercuric iodide reagent is prepared by add- 
ing to solution of mercuric chloride enough potassic iodide to 
dissolve the precipitate first formed. It gives precipitates in 
even dilute solutions of nearly all alkaloids except Caffeina, 
Cohliiciny Digitalin, Theobromina ; the precipitates being 
mostly yellowish-white. For the reactions with the Volatile 
Alkaloids and Ammonia, see 131. The precipitates are insoluble 
in acids (distinction from anmionia), or in dilute alkalies, but 
soluble in alcohol and (in many cases) in ether — also, in many 
cases, soluble in excess of the precipitant. — For the contraction of 
the alkaloid from the precipitate, triturate the latter with stan- 
nous chloride and enough potassa solution to give a strong alka- 
line reaction, then exhaust with ether or chloroform, or, if the 
alkaloid is not soluble in these, add potassic carbonate instead of 
potassa and extract with strong alcohol. 

For the volumetric determination by potassio mercuric 
iodide (Mayer), the reagent is prepared with 13.55 grams mer- 
curic chloride, 5 grams potassic iodide, and water to one litre. 
Of this standard solution, 1 c.c. precipitates, of each alkaloid, the 
quantities stated below : 



Aoonitia, 0.0268 gram. 
Atropia, 0.0145 ** 
Brada, 0.0288 " 



Cinchonia, 0.0102 gram. 
Conia, 0.0043 <* 

Morphia, 0.0200 •• 
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Karootina, 0.0918 gram. 


Qninidia, 0.0120 gram. 


Niootia, 0.0040 *< 


Strychnia, 0.0167 " 


Qainia, 0.0106 *< 


Veratria, 0.0260 «* 



The Yolumetrio determination is somewhat unsatisfactory, 
by reason of the slowness with which the precipitate subsides. 
The alkaloid solution is slightly acidulated with sulphuric or 
hydrochloric acid ; after each addition of the reagent the mixture 
is strongly shaken and left to subside ; then a drop of the clear 
liquid is placed on a blue or black glass plate, and treated with 
a drop of the reagent — ^to learn whether fiirther addition is 
necessary. 

h Phosphomolybdie acid solution* — Sonnenschein's Re- 
agent — gives amorphous and mostly yellow precipitates with the 
alkaloids, as below. The alkaloid solution should be neutral or 
slightly acid, as alkalies dissolve the precipitate in most cases. 
The reaction with ammonia should be noted ten minutes after 
its addition. 





PKBOIPITATX. 


WITH AMMONIA. 


ON BOILINQ, 


Aoonitia. 


Yellow. 


Blue solution. 


Golorless. 


Anilin. 


Blue, then yellow. 


t( tt 




Atropia. 


Yellow. 


Blue to colorless soL 


Golorless. 


Berberina. 


(t 


Blue solution. 


ti 


Bracia. 


Orange. 


Yellow-green solution. 


Brown. 


Gaffeina. 


Yellow. 


Golorless solution. 




Ginchonia. 


Whitish-yeUow. 


(t t< 




Godeina. 


Brownish-yellow. 


Green solution. 


Orange-red. 


Golchicln. 


Yellow. 


Bluish solution, in >^ hr 
greenish. 


i 


Gonia. 


YeUow-white. 


Bluish or greenish pre. 


Golorless. 



* The yellow precipitate formed on mixing add solutions of molybdate 
of ammonium and phosphate of sodiimi — the phosphomolybdate of ammo- 
nium — ^is well washed, suspended in water, and heated with carbonate of 
sodium until completely dissolved. The solution is evaporated to dryness, 
and the residue gently ignited till all ammonia is expelled (sodium being 
substituted for ammonium). If blackening occurs, from reduction of 
molybdenum, the residue is moistened with nitric acid and heated again. 
It is then dissolved with water and nitric acid to strong acidulation ; the 
solution being made ten parts to one of residue. It must be preserved from 
contact with vapor of ammonia. 
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Delphina. 
Bigitalin. 

Emetia. 

Ergotma. 

Morphia. 

Narceina. 

Karootiiia. 

Nicotia. 

Fapaverina. 

Fh3rB06tigmia. 

Fiperin. 

(Piperidin. 

Quinia. 

Quinidia. 

Solania. 

Btiychnia. 

Theobromina. 

Veratria. 



PBECIPITATIB. WITH AMMONIA. 

Gray-yellow. 

Tellow, on warm- Blue solution. 

ing dissolves gr'n. 
Yellowish. 
(A precipitate.) 
Yellowish. Dark blue soL, in X hr. 

a blue residue falls. 
Brown-yellow, be- 
coming resinous. 
Brown-yellow. 

Yellow. Blue solution. 

In dilute soL, no 
precipitate. 

Blue precipitate. 
Colorless solution. 
Blue solution.) 
Whitish precipitate. 



ON BOIUNG. 

Oreen, then 
colorless. 



Yellow. 
Brown-yellow. 
Clear yellow. 
Yellow-white. 



t( 



(( 



Yellow. 
YeUow-white. 

Yellow. 



Colorless solution. 

4t (t 



Colorless precipitate. 

c. Metatungstic acid precipitates alkaloids from very dilute 
solutions (Scheibler). The reagent may be prepared by adding 
phosphoric acid to a solution of ordinary tungstate of sodium as 
long as a precipitate is formed and redissolved. The precipitates 
are white and flocculent. This test is more delicate than that 
with phosphomolybdic acid. Scheibler states that a distinct 
turbidity is produced in a solution of one part of quinia or 
strychnia in 200,000 of water. 

d, Potassio cadmic iodide solution (prepared like potassio 
mercuric iodide*) (Marme's test) gives gray-yellow to yellow 
precipitates with the alkaloids. The solution of alkaloid should 
be feebly acidulated with sulphuric acid. The precipitates are 
easily soluble in alcohol, insoluble in ether, soluble in excess of 
the reagent, and decompose on long standing. Precipitates are 
obtained with 

* Dissolve 20 parts iodide of cadmium and 40 parts iodide of potassium 
in 120 parts of water. 
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Aooniiia* 


Delphina, 


Piperin, 


Atropia, 


Emetia, 


Piperidin, 


Berberina, 




Qainia, 


Brada, 


HorpbJa, 


Qiiinidia, 


Cinchoiija, 


Karoeiiia, 


Bangaisarin (red), 


Codeina, 


Narootina, 


Strychnia, 


Ck>nia, 


Nicotia, 


Thebaina, 


Curaiin, 


Papaverina, 


Veratria. 


Cytislii, 


Fhysofitigiiiiai 





No precipitates are obtained (in dilute solutions) from Col 
chiein, Solania, Theobromina, or from other known glucosides 
and neutral substances. — ^The alkaloids are obtained from their 
precipitates by adding an excess of carbonate of sodium, drying, 
and extracting with ether, chloroform, or benzole, accordmg to 
the solubility of the alkaloids sought. 

e. Picric or Trinitrophenic acid precipitates from water 
solutions the larger number of the alkaloids, especially as sul- 
phates. Presence of free sulphuric acid generally promotes 
these precipitations and enables them to be formed in more 
dilute solutions. On the contrary, they are dissolved by 
hydrochloric acid. 

No precipitates are formed by picric acid, in acid sulphate 
solutions of Anilin, CafTeina, Morphia, Pseudomorphia, Solania 
(unless by long standing), Theobromina, and the Glucosides. — 
Aconitia and Atropia are not precipitated except in concentrated 
solutions. — Atropia and Morphia are, however, precipitated in 
neutral solutions. — SabadiUia in 150 parts of water is not 
precipitated. 

Full precipitates are obtained from the strongly acid sul- 
phates of Berberina, Colchicin, Delphina, Emetia, the Cinchona 
alkaloids, the Opium alkaloids with the exceptions above given, 
the Strychnos alkaloids, Veratria, etc. 

The following results are obtained by treating about a grain 
of a water solution of (neutral) salt of the alkaloids with an 
alcoholic solution of picric acid (Wobmlky) : 
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Least qtuuitity of alkaloid 
Preclpltatet showing precipitate. 



Aconitia. Yellow, amorphous. idXsa grain. 

Atropia. Yellow, crystalline. ttJW 

ftnicia. Yellow. Tirfrir 

Codeina. Yellow, amorphous. tsVt 

Conia. Yellow, crystalline. rrfW 

Morphia. Yellow, amorphous. yj^ 

Narceina. " " -3^ 

Narcotina. « « rdbr 

Nicotia. " " TirW 

Solania. . « « .^^ « 

Strychnia. Yellow, crystalline. g ^ j ^ ^^ 

Veratria. Yellow, amorphous. tuW 



« 






The alkaloids may be extracted from their picrates by addi- 
tion of an alkali and chloroform, benzole, or other suitable 
solvent. (Alcohol does not dissolve potassic picrate ; but it takes 
up the excess of potassa.) 

/I Tannic acid — in solution with 8 parts of water and 1 part 
of alcohol — gives whitish, grayish-white, or yellowish precipi- 
tates with nearly all the alkaloids. In the larger number of 
instances these precipitates are easily soluble in acids, frequently 
dissolving in excess of the tannic acid ; on the contrary, some of 
the alkaloids are precipitated by tannic acid only in strong acid 
solutions. Ammonia dissolves the tannates of the alkaloids. 

No jprecipitates are obtained with Piperin, Salicin, or 
Saponin. 

Dilute (zcetic add dissolves the precipitates of tannates of 
Aconitia, Brucia, Caffeina, Colchicin, Morphia, Physostigmia, 
Quinia (if the acid is not very dilute), Solania, Veratria. 

Cold dilute hydrochloric (xcid does not dissolve the precipi- 
tates of tannates of Aconitia, Berberina, Brucia (slightly dis- 
solves), Caffeina, Cinchonia, Colchicin (dissolves slightly), Del- 
phina, Digitalin, Narcotina, Papaverina, Thebaina, Solania, 
Strychnia (dissolves sparingly), Veratria. 
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Cold dilute mlphuric acid does not dissolve the precipitates 
of taimates of Aconitia, Physostigmia, Quinia, Solania, Veratria. 

Precipitates are formed in neutral solutions (not very dilute), 
but not in slightly acid solutions, yet completely formed in solu- 
tions strongly acidiUated with sulphuric acidy by Aconitia, 
Physostigmia, Solania, Veratria. 

Concerning the reactions of the Volatile Alkaloids with tannic 
acid, see 131. 

Alkaloids are separated from their tannates by mixing the 
moist precipitate with oxide or carbonate of lead, drying the 
mixture, and extracting with alcohol, ether,, or chloroform. 

ff. Water solution of iodine in iodide of potassiiun precipi- 
tates the alkaloids in general. The solution is made of 3 parts 
of iodine, 5 of iodide, and 50 of water. (Wormlky: 1 of 
iodine, 3 of iodide, and 60 of water.) — ^The precipitates are 
yellow, orange-yellow, reddish-brown, and brown. — iV<> precipi- 
tates are obtained with (Ammonia), Caffeina (in neutral solution), 
Digitalin (or but slight turbidness), Solania, Theobromina. — 
Yellow precipitates are given by Atropia (sparingly saturated), 
Hyoscyamia, Physostigmia, and Trimethy lamia (orange-yellow). 
JRedbrown precipitates are obtained with Aconitia, Codeina, 
Conia, Lobelina, Morphia, Narceina, Narcotina, Nicotia, Quinia, 
Strychnia, and Veratria. 

136. Concentrated snlplinrio acid gives characteristic reac- 
tions with some of the alkaloids ; and a greater number of good 
indications are given by Frcehdb's reagent, which consists of 0.01 
gram molybdate of sodinm dissolved in 10 c.c. of concentrated 
sulphuric acid (and so prepared freshly each time it is required). 
For these tests the alkaloids must be almost absolutely free 
from impurities not alkaloids. One or two miligrams of the 
alkaloid are dropped upon 15 drops of the acid. 

OONO. SUIiPHURIC ACID. FROmDE'S REAGENT. 

Aconitia. Slight yellow to yel.-br'n. Yellow-brown ; colorless. 

Amygdalin. Light violet-red. 

Atropia. Ckdorlefis solution. Colorless. 
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Berberina. 

Brucia. 

Caffeina. 

Cinchonia. 

Codeina. 

Golchicin. 

Colocynthin. 

Colomfain. 

Conia. 

Cubebin. 

Curarin. 

Delphina. 

Bigitalin. 

Elaterin. 

Emetia. 

Ergotina. 

HesperidiiL 

Hydrastia. 

Hyoscyamia. 
Igasoria. 

Idmonin. 

Meconin (Opianyl). 
Morphia. 

Narceina. 

Narcotina. 
Nicotia. 
Ononin. 
Papaverina. 

Fhloridzin. 

Physostigmla. 

Piperin. 

Fopulin. 

Fseudomorphia. 

Quinia. 

Quinidia. 

Salicin. 

SarsapariUin. 

Senagin. 



CONC. SULPHXTBIO ACID. 

Darkoliv&^reexL 

Pale rose. 

ColorlecB. 

Colorless. 

Colorless. 

Yellow. 



fbcbhde's beagsnt. 

Greenish-brown to brown. 

Red ; yellow. 

Colorless. 

Colorless. 

Green ; blue ; yellowish. 



Yellow. 

Cherry-red (slowly). 
Orange, taming red. 
Colorless {pale reddish ?). Pale yellow. 
Bright red, then crimson. 
Lasting blue. 



Red-brown. 

Orange ; cherry-red ;br'wn. 

YeUow. 



Brownish. 

Brown to red-brown. 

Red. 

Brownish. 

Red-brown. 

Yellow-red, 

Colorless ; after heating, 

purple. 
Bxownish. 
Rose-color : yellowish ; 

greenislu 

Yellow-red. ' 

(With heat, blue to purple). 

Colorless. Violet; green -yellow; 

violet. 
Brown to yellow. Yellow-brown ; yellowish ; 

colorless. 
Yd. ; purple after warm'g. Green ; yellow ; reddish. 
Colorless. Yellowish ; reddish. 

Red. 

Violet ; blue ; yelV ; color- 
less. 

(Slowly) blue. 



Violet ; blue. 



Yellow ; olive-green. 

Pale yellow ; brown. 

Red. 

Olive-green. 

Colorless. 

Nearly colorless. 

Bright red. 

Deep red, then violet, then 

yellow. 
Yellow-red. 



Yellow ; brown. 
Violet. 

Colorless ; greenish. 
Colorless ; greenish. 
Violet ; cherry-red. 
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OONO. BUIiFHUBIO ACID. 


VBODDS'S BXAOBiT. 


SmlUidn. 


Tellow-red. 




Bolaiiia. 


Reddiih-yeUow. 


Cherry-red ; red-brown ; 
yellow. 


Strychnia. 


GolorleHL 


Colorleea 


Syiingin. 


Blood-red, then Tiolefc-red. 




Tannic acid. 


Purple-red. 




Thebaina. 


Blood-red ; yellow-brown. 


Orange. 


Theobromina. 


Golorleea 


ColorlesL 


Veratria. 


Slowly to crimson red. 


T!'ellow ; cherry-red. 



187. Snlphnrio add and bichromate of potassium: the 

solid alkaloid being dissolved in the acid and a very minute 
fragment of the bichromate being brought into contact with the 
liquid. 

With Strtfchnia, a brilliant play of changing colors, blue 
turning soon to violet and then red-violet, then slowly fading 
— (delicate and distinctive). With Brucia, an orange or brown- 
ish-orange color. With Narceina, a dirty-red mixture. With 
Hydrastia, a brick-red to carraine-red color; with Picrotoxin, 
red-brown. With anilin, a yellowish to greenish tint first ap- 
pears, slowly passing into blue, which after half an hour or 
longer becomes nearly or quite black. With Curarin, a play of 
colors similar to strychnia (compare 136). With aconitia, 
atropia, codeina, conia, morphia, narcotina, nicotia, solania, 
veratria, and many other alkaloids, — ^there is only the slowly 
formed greenish color of chromic oxide. 

This, the strychnia test, may be made with substitution of 
other oxidizing agents for the bichromate, the crystallized per- 
manganate of potassium perhaps giving the best results. Son- 
KENscHEiN advocatcs the use of ceroso-ceric oxide. 

138. Concentrated Nitric acid, of spec. grav. 1.42, gives a 
red or reddish-yellow color with the greater number of the alka- 
loids. 

Brucia, in the solid state, is dissolved by nitric acid with 
intense blood-red color — solutions of the alkaloid giving the 
same with less intensity or a reddish-yellow color. On warm- 
ing, or standing, the color changes to yellow : if now a drop of 
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solntion of stannous chloride is added, a purple color appears. 
The purple is discharged by either nitric acid or excess of stan- 
nous salt. Igasurta gives nearly the same reaction, both with 
nitric acid and stannous chloride ; the violet to purple color with 
the last-named reagent being characteristic of brucia and igasuria. 

Morphia in somewhat concentrated solutions is colored yel- 
low to orange-red — ^the color is either not changed or is altered 
toward the yellow by stannous chloride (distinction from brucia). 
— Codeina, Narceina, and Papaverina are colored red to 
orange-yellow by nitric acid ; and Narcotina, Pseudomorphia, 
Opiania, Thebaina, and Rhceadia, yellow. Emetia is changed 
to a yellow, resinous mass, with partial decomposition. 

Cokhicin is colored violet by nitric acid : the most concen- 
trated nitric acid, containing nitrous acid, forming an intense 
blue-violet color. The color changes to brown, and finally to 
yellow — these tints being more distinct in proportion as the 
violet is deeper. If the chloroform solution of colchicin is 
treated with concentrated nitric acid, a violet-red color is formed 
and taken up by the chloroform layer. — Curarin is colored 
purple by nitric acid. 

Nitric acid produces no color with Atropia (brown tint, fad- 
ing), Caffeina, Cinchonia, Conia (sometimes yellowish), Quinia, 
Quinidia, Solania (becoming faint rose-red with bluish rim), 
Theobromina. 

Berberina is colored brown by nitric acid. 

Daphnin is colored red. 

Piperin becomes greenish-yellow, orange, then red, and 
resinous. 

189. Concentrated snlphnrio aoid followed by nitrate of 
potasaiiun (solid), with Narcotina gives a deep blood-red color 
(delicate and distinguishing). The color is discharged by much 
excess of nitric acid. — ^In the same test, Brucia gives an orange- 
red, and Opiania a scarlet-orange color. Codeina becomes 
first greenish, then reddish. Narceina turns reddish-brown. 

140. Chlorine water followed by ammonia. — Quinia (or 
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Quinidia) treated first with fresh chlorine water and then with 
ammonia, gives a green flocculent precipitate which by excess of 
ammonia dissolves to an emerald-green solution (characteristic). 
On neutralization with an acid, the color changes to light blue, 
which becomes violet or red on supersaturation with acid, re- 
turning to green with addition of excess of ammonia. Addition 
of solution of red ferricyanide of potassium to the ammoniacal 
green solution produces a red color (with Quinidia a bulky 
precipitate). A better result is obtained by adding the ferricy- 
anide after the chlorine and before the ammonia. The impure 
chlorine obtained by addition of hydrochloric acid to chlorate 
of potassium serves the purpose of this test. 

Colchicine when treated with chlorine and ammonia, gives an 
orange solution. — Caffeina and Theobromina, treated with 
chlorine water (or nitric acid), then evaporated to dryness, on 
addition of ammonia give a purple-red color. Chlorine^ alone, 
with Bruda and with Igasuria gives a light red color; with 
Hydrastia, blue fluorescence. Physostigmia, with solution of 
chlorinated lime, gives an intense red color, turning nearly 
black by farther addition. 

141. Solution of Perrio chloride (dilute) colors solid Mor- 
phia, and Paeudomorphia blue. Also Daphnin blue in the 
cold, turning yellow when warmed. 

Morphia separates iodine from iodic acid. 

142. Platinic chloride solution precipitates the greater 
number of the alkaloids, even dilute solutions (those in 2,000 or 
3,000 parts of water) — ^the precipitates being yellow, whitish- 
yellow or grayish-yellow, and some of them being soluble in 
cold hydrochloric acid. — Anilin, Digitalin, Physostigmia, and 
Solania, are not precipitated ; and Aconitia, Atropia, Codeina, 
Hyoscyamia, Narcotia, Nicotia, Sabadillia, and Veratria only 
from concentrated solutions. — ^The alkaloids next named give 
precipitates ; each precipitate, after ignition, leaving a weight 
of pure platinum bearing a fixed ratio to the weight of the alka- 
loid — ^in accordance with the formula given. 
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148. Anrio ehloride gives precipitates in water solutions of 
salts of the greater number of the alkaloids, as follows. Many 
of the precipitates are soluble in alcohol. Some of them, on 
standing, separate the gold. The dried and ignited precipitates 
yield fixed quantities of metallic gold, according to the formulas 
and percentages given : 



P. G. An in pre. Color, etc., of the pre. 

Aconitia, C„H^^BrO^.HCI.AuCI, • 22.1 Light y el., reduced 

afler a time. 
Atropia, C„H„BrO,.H Cl.AuCl, . 31.3 Light y el. 
Berberina, C,^H„WO^.H Cl.AuCl, . 29.1 Dark yel., insol. in 

Hca. 

Brucia, (Like Strychnia). 

Caffeina, CgHj^Wp,.HCl.AuCl, . 37.0 Lem.-yel., cryst'e. 

Cinchonia, Yel., (like Quinia). 

Cinchonidia, C,jH,^W,0(H Cl),AuCl, . Yel., amorphous, 
Codeina, no precipitate, . . . (in concentrated solutions 

a brown precipitate). 
Colchicin, Slowly, yel. flocks; 

becom'g reduced. 

Delphina, Light yel. 

Digitalin, Slowly, a yellow 

cryst'e precip. 

Emetia, ^9.7 Light yel., amorp. 

Hyoscyamia, 31.2 Yel.-white. 

Morphia, Light yel., dark'g, 

insoluble in cold 

Ha. 

Narceina, ,.-... Yel., becom. red'd. 

Papaverina, Dark yel. 

Physostigmia, ..... Red'ish-blue color, 

with reduction. 
Quinia, Light yel., amorp. 
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P. C. Au in pre. Color, etc. , of the pre. 

Quinidia, C,,H,,N,0,(HCl),(AuClJ, 39.1 (Like Quinia) dry 

first in vacuo, 
then at 100° C. ; 
melts at 115° C, 
or in boiL water. 

Solania, no precipitate. 

Strychnia, C„H,,W,0,.H Cl.AuCl, 29.2 Yel., amor., soL in 

cold H d, slight, 
sol. in water, in- 
sol. in ether, sol. 
in alcohol, from 
which it cry St. 
orange. 

Thebaina, Red-brown. 

Theobromina, ..... Slowly, slight, nee- 

dle-form, cry St. 

Veratria, C„H„N,0,.H Cl.AuCl, . 21.0 Clear yel., amorp. 



GLUCOSIDES AND OTHER NEUTRAL BODIES : SOLID. 



144. ABSINTHIN. C^^H^O,. A hard and obscurely 
crystalline solid of very bitter taste. Slightly soluble in water, 
very soluble in alcohol, soluble in ether, and soluble in aqueous 
alkalies. It is precipitated by tannic acid, not by subacetate of 
lead. When treated, dry, with concentrated sulphuric acid, and 
the mixture slightly diluted with water, a blue-violet color. It 
does not reduce potassio cupric sulphate, but reduces ammonio 
nitrate of silver to a mirror-coating. 

145. AIiOIN. C„H„0^. A crystallizable, pa*e yellow 
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solid, of neutral reaction and a taste at first sweet and then very 
bitter. It bears 100° C. without change. It is slightly soluble 
in cold water or alcohol, moderately soluble in the same when 
hot, and soluble (with a yellow color) in the alkalies and their 
carbonates. — Chlorim; { :is, in a solution of aloin, forms a bright 
yellow precipitate (chloraloil). Bromine also gives a yellow 
precipitate. — Concentrated nitric acid transforms aloin into 
chrysammic acid. 

Chrysammic (zcid, C,H,(WO,),0,, is a yellow or greenish- 
yellow powder, of bitter taste and acid reaction, sparingly solu- 
ble in water, readily soluble in alcohol and in ether. It detonates 
when heated. Boiled with solution of stannous chloride it is 
precipitated as a deep violet powder. Chrysammate of calciimi 
is a dark red insoluble powder. 

146. AMYGDAUK. C„H„NO„. A white, pulverulent, 
and crystalline solid, neutral, without odor, and with sweet and 
bitter taste. Soluble in 11 parts of water; sparingly soluble in 
cold, moderately soluble in hot alcohol; insoluble in ether. — 
Concentrated sulphuric acid colors it light violet-red. By boil- 
ing dilute sulphuric acid, it is transformed into oil of bitter 
almonds, glucose, and formic acid ; by fermentation with emul- 
sin, into bitter almond oil, hydrocyanic acid, and glucose. (IG 
parts of anhydrous amygdalin, as dried at 110° to 120° C, or 
20 to 24 of ordinary commercial amygdalin, gives 1 part hydrocy- 
anic acid and 8 parts of bitter almond oil.) — ^Permanganate of 
potassium forms cyanic and benzoic acids. 

147. AsPARAoiN. C^HgK*,0,(H,0). Hard and brittle right 
rhombic (trimetric) crystals ; inodorous and of slight taste. 
Soluble in 11 parts cold or 5 parts of boiling w^ater (with slight 
acid reaction), insoluble in absolute alcohol, insoluble in ether, 
soluble in alkalies and acids. By fermentation with accompany- 
ing extractive substances, or with casein, succinate of ammonium 
is formed (sometimes with the intervening formation of aspartate 
of ammonium). 
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148. C ANTH A B.TDIN'. C^Hj^O,. A colorless, odorless 
solid, crystallizing in rhombic tables or in needles, not volatile 
at 40° C, slightly volatile with water at 100° C, fusing and 
subliming at about 200° C. It acts as a vesicant on the skin. 
Insoluble in cold or warm water, sparingly soluble in alcohol, 
moderately soluble in ether, freely soluble in chloroform and 
benzole, soluble in oil of turpentine and in olive oil. Cantharidin 
has the relation of an acid of very weak power. Its potassium 
compound is soluble in 25 parts cold or 12 parts boiling water, 
in 3,300 parts cold or 110 parts boiling alcohol, insoluble in ether 
and chloroform. The barium cantharidate is insoluble in water 
and alcohol, as well as in ether and chloroform. — Cantharidin 
separations may be effected, first, by solution in aqueous potassa ; 
then, after acidulating with sulphuric or phosphoric acid, by 
solution in chloroform. 

149. CATHABTIC ACID (of senna-leaves). Cathartin. 
— An amorphous brown to black solid, soluble in aqueous 
alkalies and precipitated from this solution by acids. In its 
natural condition, partly combined with calcium and magnesium, 
it is soluble in water and insoluble in alcohol. Boiling dilute 
acids, in alcoholic solution, convert it — as a glucoside — into 
glucose and cathartogenic acid, a brown-yellow powder, insoluble 
in water, alcohol, and ether. 

150. COLUMBIN". C,jH„0^. Colombo bitter. — A color- 
less solid, crystallizing in trimetric prisms, neutral, inodorous, 
and extremely bitter. It is sparingly soluble in cold water, 
alcohol and ether ; more freely in aqueous potassa, being preci- 
pitated from the alkaline solution by addition of acids. — Strong 
sulphuric acid dissolves it with orange color, changing to deep 
rod, and the addition of water to this solution causes a brown, 
flaky precipitate. 

151. CUBEBIN. C„H,Pj. A white solid, crystallizing 
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in small needles, melting at 120** C, inodorous, and tasteless. 
Slightly soluble in water and in cold alcohol, more soluble in 
boiling alcohol, soluble in 26 parts of ether and in acetic acid. 
It is precipitated from alcoholic solution by potassa. Concen- 
trated sulphuric acid colors it bright red, soon changing to 
crimson. 

162. ELATEBIN. A colorless solid, crystallizing in hexa- 
gonal t&bles, fusible ; insoluble in water, freely soluble in alcohol, 
sparingly soluble in ether. Precipitated from -alcoholic solution 
by acetate of lead and nitrate of silver. Soluble in sulphuric 
acid as a red liquid, giving a brown precipitate on dilution 
with water. 

153. FKAXTTT. (Cj,HjgO„),H,0. A white solid, crys- 
tallizing in tufts of needles or right-rhombic prisms, of a slight 
acid reaction, inodorous, slightly bitter and astringent to the 
taste. It melts at 320° C, to a red liquid, solidifying amorphous, 
and dissolving in water with an orange color. At a higher heat 
it yields a crystalline sublimate, the aqueous solution of which, 
with ammonia, shows a yellow fluorescence. Sparingly soluble 
in cold, freely in hot water, moderately soluble in alcohol, slightly 
soluble in ether. The dilute aqueous solution has a blue or 
blue-green fluorescence, favored by alkalies but prevented by 
acids. The alcoholic solution is likewise fluorescent. It is 
turned yellow by fixed alkalies in aqueous solution, or by vapor 
of ammonia acting on the crystals ; in aqueous solution ferric 
chloride causes a green color, followed by a yellow precipitate. 
Acetate pf lead gives a. yellow precipitate. Boiling dilute acids 
resolve it (as a glucoside) into fraxetin and glucose. Fraxetin, 
with strong nitric acid, shows successively dark violet, garnet- 
red, rose-red, and yellow colors, then becoming colorless. 

154. LACTUCrN", A yellowish, fusible, bitter solid ; crys- 
tallizable in rhombic plates ; soluble in 80 parts of cold water. 
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moderately soluble in alcohol, sparingly soluble in ether, soluble 
in acetic acid. Strong sulphuric acid turns it brown. 

155. PHLOBIDZIN'. C,jH,p,,. Crystallizes in silky 
needles or tufts, slightly bitter. Soluble in water, sparingly 
when cold but freely when hot ; soluble in alcohol and methylic 
alcohol; insoluble in ether; soluble in aqueous alkalies. Dry 
phloridzin, treated with ammonia gas^ on standing in the air, 
becomes, successively, orange, red, and blue (formation of phlo- 
rizein). Strong sulphuric acid colors it red. Dilute sulphuric 
acid, by prolonged contact, changes phloridzin to glucose and 
phloretin. The latter is an easily oxidizable substance, dissolv- 
ing in ammonia, the solution soon depositing yellow scales. 



156. POPUIiEN'. C,^H„Og. A colorless solid, of a sweet 
taste, crystallizing in silky needles (with 2H,0), which become 
anhydrous at 100° C. and melt at 180° C. Populin dissolves in 
2,000 parts of cold or 70 parts of boiling water, in about 100 
parts of absolute alcohol, scarcely at all in ether, freely in mode- 
rately dilute acids, also in alkalies. It is precipitated from its 
acid solutions by alkalies, from its alkaline solutions by acids, 
and from its water solution by common salt. With concentrated 
sulphuric acid it forms a deep-red solution, from which water 
precipitates a red powder, soluble in water not acidulated but 
reprecipitated by acids. Frohde's reagent colors populin violet. 
Boiling dilute mineral acids convert populin, as a glucoside, into 
benzoic acid, saligenin, and glucose. Boiling with hydrate of 
calcium resolves populin into benzoic acid and salicin. 

157. QUASSIN. Cj^HjjO,. A colorless, inodorous, and 
very bitter solid, crystallizing in op^ue, white, columnar prisms, 
melting when heated. It is sQ)ub)e in about 200 parts of water 
of medium temperature j freely soluble in alcohol, slightly solu- 
ble in ether. Cold concentrated sulphuric acid dissolves it as a 
colorless liquid, from which water precipitates it unchanged. 
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Tannic acid precipitates it, both from aqueous and alcoholic solu- 
tions, but lead salts and mercuric chloride do not affect it. It 
does not reduce ammonio nitrate of silver. 

168. SABSAP A RTTiTiTN. A colorless solid, cry stall izable 
in needles ; soluble in water and in alcohol, soluble in ether and 
in volatile oils. The solutions froth when shaken. Strong 
snlphnrio acid dissolves it with deep red color, changing to 
violet and finally to yellow. From this solution water precipi- 
tates it unaltered. 

169. TABAXACTN*. Crystallizes in warty masses, of a 
pleasant bitter taste, fusible, and soluble in water, alcohol, ether, 
and in concentrated acids. 

leo. VANILLilN'. Cj^H.O,. Crystallizes in long, colorless, 
four-sided prisms, melting at 76° C. (or 82° C), distilling with 
vapor of water, and subliming in part at 150° C. It is neutral 
in reaction, and has the characteristic odor of vanilla. It is 
nearly insoluble in cold, moderately soluble in hot water, freely 
soluble in alcohol, ether, and volatile oils. It dissolves in strong 
sulphuric acid and in potassa. 

161. Separation of the Gluoosidea and Neutral Com- 
pounds — described in 144-160 — by Water, Alcohol, Ether, and 
Aqueous Alkalies (recapitulation) : 

a. Water dissolves Absinthin (sparingly), Aloin (hot, spar- 
ipgly), Amygdalin, Asparagin, Cathartin, Columbin (sparingly)^ 
Cubebin (slightly), Fraxin, Lactucin, Phloridzin, Populin (spar- 
ingly), Quassin (sparingly), Sarsaparillin, Taraxacin, Vanillin 
(slightly)., — Water does not dissolve Cantharidin, Cubebin (ex- 
cept slight portions), Elaterin, Vanillin (except slight portions). 

b. Alcohol dissolves Absinthin, Aloin, Amygdalin, Cantha- 
ridin (sparingly), Colombin (sparingly), Cubebin (sparingly), 
Elaterin, Fraxin, Lactucin, Phloridzin, Populin (sparingly), 
Quassin, Sarsaparillin, Taraxaci^, V^iiill}n. — ^Alcohol does not 
dissolve Asparagin, Cathartin. 
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c. Ether dissolves Absinthin, Aloin (sparingly), Cantharidin, 
Cube bin, Elaterin (sparingly). Lactucin (sparingly), Sarsapa- 
rillin, Taraxacin, Vanillin. — Ether does not dissolve Amygdalin, 
Asparagin, Fraxin (except slight portions), Phloridzin, Populin, 
Quassin (except slight portions). 

d. Aqueous alkalies dissolve Absinthin, Aloin, Asparagin, 
Cathartin, Colombin, Phloridzin, Populin, Vanillin; do not 
dissolve Cubebin. 

[For Dragendorff 's elaborate process for separation and identification of 
Foreign Bitters in Beer, see Arch. Phami. (3), iii., 295 ; iv., 889 ; or Jour. 
Chem. Soc., 1874, p. 818 ; or Prescott's Exam. Alcoholic Liquors, N. Y., 1874] 
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162. AIiBXJMENOIDS. Varieties of Albumen, Fibrin, and 
Casein. — Characterized as infusible, non-volatile, amorphous 
solids, neutral in reaction and indifferent to combination; in 
natural condition, soluble in water containing alkalies or contain- 
ing certain salts of alkalies ; rendered insoluble in water by acids, 
and generally by heat in absence of dissolving agents, and by 
salts of certain heavy metals. Farther, they give a reaction for 
nitrogen (a), and color-tests with strong hydrochloric acid (ft), 
and with mercuric nitrate in nitric acid (c), and act as reduciHg 
agents (d). — Albumenoids are distinguished and partly ^^ara^e^ 
from Gelatin, Gums, and Dextrin, by their coagulation with 
heat or with mineral acids ; they are separated from starch by 
dissolving in solution of alkali too dilute to affect the starch 
(see 176,/). 

a. Mix the well-dried substance with dry soda-lime, intro- 
duce into a hard-glass long-necked matrass (or long and narrow 
test-tube), place a slip of red litmus-paper in the mouth, and 
heat, gradually, to incipient carbonization. Production of am- 
inonia (this b^e bping Absent in the substance) indicates a nitro* 
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genous organic body. — ^Albumenoids, on boiling with potassa 
■olution, yield ammonia ; a farther quantity being obtained by 
adding permanganate (Wankltn). 

6. Strongest hydrochlono acid dissolves albumenoids to a 
yellowish color, which becomes blue or violet by exposure to 
the air. 

c. Add merouric nitrate solution — ^prepared by dissolving 
one part of mercury in two parts of nitric acid of spec. grav. 1.42 
—on digestion with solid albumenoids, at 60° to 100° C. (140° 
to 212° F.), gives a deep red color. If the substance tested is in 
solution, it should be concentrated, and used in such small pro- 
p<»rtion that the reagent is not much diluted. 

d. Alkaline cnpric solution is turned violet by albumenoids, 
and on warming the cuprous oxide is quickly reduced. Solution 
of permanganate is also reduced by albumenoids. 

Under the Microscope^ albumenoids are turned yellow by 
iodine, and purple- violet by sulphuric acid with sugar. { 

168. Ov ALBUM EN. Solublc in water with some turbidity 
and suspension of skinny particles ; this solution being rendered 
nearly clear by alkalies or alkaline carbonates or common salt. — 
Chemically neutral water solutions Ave coagulated by heating to 
a very little above 63° C. (145° F.) ; by alcohol, carbolic acid, 
and creosote ; by ether (but not completely), by nitric acid 
(quickly and completely), by hydrochloric acid (slowly redissolv- 
ing when the acid is strong), and by sulphuric acid (slowly). Salts 
of silver, mercury, etc., coagulate it; also alum. Acetic and 
tribasic phosphoric acids do not coagulate it, but (by neutraliz- 
ing the natural alkali) they render its pure water solution still 
more turbid. Tannic acid coagulates it quickly. — Strong potassa, j 

*^or soda, gelatinizes albumen. 

For weighing, albumen is precipitated from slightly acidu- 
lated solutions by boiling, washed with water, and dried first 
below 50° C. (122° F.), then at 100° C. (So treated, it is not 
rendered insoluble.) 

164. Skralbumbn, Dissolves in water with some turbidity. 
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Coagulated at 75° C. (167° F.), or, in presence of alkaline salts, 
at a higher temperature, while in presence of acetic acid a lower 
temperature suffices. Coagulated by dilute mineral acids, slowly 
or if heated quickly; redissolved by strong nitric acid and 
(readily) by hydrochloric acid. Coagulated by alcohol ; not by 
ether (distinction from Ovalbumen). — ^Coagulated by salts of 
mercury and silver. — Aqueous alkalies dissolve coagulated senil- 
bumen. 

165. Casein. In natural condition, dissolved clear by water. 
Coa^tUated by rennet (separation from milk albumen) ; by 
moderately dilute acetic acid (separation from ovalbumen, seral- 
bumen, milk albumen) ; by ether and by mineral acids and mer- 
curic chloride. Not coagulated by dilute alcohol or by boiling 
(separation from seralbumen and from ovalbumen). Alkalies 
and strong acids, even strong acetic acid, dissolve coagulated 
casein. [Farther, see Phar, Jour., 1874, Sept. 5, p. 188.] 

166. Milk Albumen. (0.3 to 0.5 per cent, of healthy cows' 
milk ; found as high as 3 to 10 per cent, in diseased milk and in 
the colostrum.) — Not coagulated by rennet, but coagulated by 
boiling, after the slightest acidulation with acetic acid (two means 
of separation from Casein). Coagulated by mineral acids and 
salts of heavy metals ; the coagulum being soluble in alkalies. 

167. Determination of Casein and Albumen in Milk. — 
a. Take 50 grams of milk, add an equal quantity of water, add 
rennet, set aside at 40° to 50° C. Gather the precipitate (the 
casein with most of the fats) in a tared filter, wash with water, 
then with alcohol, then with ether thoroughly, dry at 110° C, 
and weigh as Casein. — ^To the filtrate from the curd (and first 
water washings), add 4 or 5 drops of acetic acid and boil. 
Gather the coagulum in a tared filter, wash with water, dry at 
110° C, and weigh as Albumen. — (The filtrate from the curd of 
albumen is saved for determination of the Sugar, according to 
187, l. This filtrate contains a minute proportion of an albume- 
noid called Lacto-protein, which is coagulated by mercuric nitrate 
— ^not by nitric acid.) 
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168. QuantitatiTe Analysis of Milk. 

(1) Determine the Total Solids, as directed in 64, h. 

(2) Determine the Fats, as directed in 64, h (or a). 

(3) Determine the Casein and Albumen, as directed in 167. 

(4) Determine the Sugar, from the filtrate of 167, according 
to 187,/. 

(5) Determine the Salts (soluble and insoluble in water). 
Evaporate 20 grams in a tared dish, with a tared small glass rod, 
ignite to whiteness (by triturating) ; weigh, then extract with 
water and dry and weigh the residue. 

169. Commercial "Rxaminations of Milk usually require, 
more especially, the following operations : 

(1) Find the volume per cent, of cream. (Or use a lacto- 
scope — 64, c.) 

(2) Take the specific gravity^ and consider the relation 
between this and the amount of cream. Skimmed milk has a 
specific gravity about 0.004 greater than entire milk (from 
Chandler's averages.) 

(3) For more exact data, find the solids minus fats, as 
directed in (1) and (2) of 168. The " solids not fat " is nearly 
the same proportion of the milk of different cows — also, of the 
whole milk, the skim milk, and the cream, alike (Wanklyn). 
Hence, variation in this quantity indicates sophistication. 

(4) Examine with the microscope (presence of colostrum 
globules usually coinciding with excess of albumen), and test 
for impurities in general. 

170. GELATIN. (Isinglass, Glue, " Gelatin.") An infusible, 
non-volatile, amorphous, horny solid; colorless to yellowish, 
translucent, brittle, odorless, and tasteless. — Characterized as a 
neutral and indifferent substance, evolving ammonia freely 
when heated dry with soda-lime or when boiled with potassa 
solution and permanganate (see Albumenoids, 162, a), and 
existing in a soluble and an insoluble condition.' — Its soluble 
form dissolves very slowly and slightly in cold water, gradually 
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and completely in boiling water, the solution if not very dilute 
congealing into a tremulous jelly-like mass when cold (distinc- 
tion from Albumenoids which are coagulated by boiling). — 
Gelatin solution is coagtdated by alcohol, by mercuric chloride, 
by chlorine gas, and especially by tannic acid (formation of 
leather) (the last, a separation from Gum arable and Dextrin). 
In distinction, and separation from Albumenoids, it is not pre- 
cipitated by nitric, hydrochloric, or sulphuric acids, or by salts 
of silver, copper, lead, iron, or aluminum. In not being precipi- 
tated by basic acetate of lead, it is separated from Dextrin, 
soluble starch, starch-paste, and Gums. — Gelatin solution dis- 
solves the recent cupnc hydrate, as formed in cuprio sulphate 
solution by excess of potassa, turning the color to dark violet, 
which on warming becomes red, without precipitation of cuprous 
hydrate. It promptly reduces permanganate solution. 

100 parts of gelatin, as dried at 130° C, by precipitation 
with tannic acid, yield about 135 parts of leather precipitate, 

171. LEATHER yields its tannic acid to boiling dilute 
alcohol, the gelatin remaining coagulated. The dried and finely- 
rasped leather is first freed from oils and resins by digestion with 
ether free from alcohol, along with water. Untanned gelatin 
may be detected in leather, by the translucence of thin shavings 
(of the central portion), and by yielding a solution of gelatin 
when long macerated with water at about 90° C. 
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172. GUMS. Mostly C^H^^Oj (as an anhydride) in com- 
bination with alkaline-earthy bases or with water. Characterized 
as infusible and non-volatile, amorphous substances, destitute of 
nitrogen, more or less perfectly soluble in water, insoluble in 
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absolute alcohol, ether, benzole, etc. ; precipitated by subaeetate 
of lead ; and not readily transformed to glucose by boiling with 
dilute acids (a distinction from Dextrin and from Starch). 

178. Gum Arabic. Gum Acacia. Arabin, or Arabates of 
calcium, magnesium, potassium, etc. — Soluble (by digestion) in 
2 parts of water, forming a syrupy liquid of spec. grav. 1.13, 
which mixes doar with 2^ times its volume of 35 per cent, 
alcohol. Soluble in 20 to 25 parts of 45 per cent, alcohol. If 
acidulated (with mineral or acetic acids), arable acid being 
liberated, it is much less soluble in dilute alcohol, i.e, requires 
for solution alcohol more dilute. 

Gum arable is characterized by a white precipitate by sab- 
aoetate of lead or ammoniacal acetate of lead, in very dilute solu- 
tions ; by giving (with oxalate) the reactions of ccUcium (distinc- 
tion from Dextrin and Starch) ; by forming an almost insoluble 
jelly when in saturated solution it is treated with about -f^ 
volume of concentrated solution of ferric chloride, and by pre- 
venting the precipitation of iron salts by alkalies when in dilute 
solution (two points of distinction from Dextrin). 

As a reducing agents fresh solution of gum arable, with potas- 
810 cupric solution, precipitates the cuprous hydrate afler heating 
to 100° C. (Dextrin effecting this reduction at a gentle heat). 
Stale solution of gum arabic generally contains glucose. 

Gum arabic gives no precipitate with tannic acid (separa- 
tion from Gelatin and Ovalbumen) ; or with mineral acids 
(separation from Albumenoids) ; and no reaction with iodine 
(distinction from Starch). 

Sulphuric acid, added to its one-half volume of concentrated 
acacia gum solution, turns it brown to black. Boiling with dilute 
sulphuric acid slowly transforms gum acacia (in part) to glucose. 

Ordinary gum arabic, at 90° to 100° C, loses 10 to 15 per 
cent, of moisture ; above 100° C, it is so altered as to be imper- 
fectly soluble. 

174. Gum Traqacanth is only in small part directly soluble 
in water, in which it swells to a jelly ; the greater part dissolving 
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by long boiling. The solution so fonned consists chiefly of 
Arabin, with a very little Glucose, and gives reactions for these 
substances, according to their proportion. Boiling with dilute 
sulphuric or hydrochloric acid dissolves the gum more rapidly 
than with water, producing a little larger proportion of glucose. 
— ^The residue not soluble in pure water contains starch, and is 
colored blue by iodine. 

175. DEXTBXN*. British Gum. Q^^fi^, — A yellow-white 
to colorless amorphous solid;, tasteless and odorless. It is 
soluble in about one part of water, to a syrupy semi-liquid, 
which is miscible with 1^ volumes of 60 per cent, alcohol or 
with 3 volumes of 50 per cent, alcohol. It is insoluble in 90 per 
cent, alcohol, sufficient of which precipitates it from solutions not 
too dilute; and insoluble in ether, chloroform, bisulphide of 
carbon, etc. — Commercial dextrin almost always contains glu- 
cose ; frequently contains " soluble starch " (15 per cent, of which 
is held not objectionable) ; and is sometimes brown from pre- 
sence of caramel. 

Concentrated snlplinric acid dissolves dry dextrin, without 
color in the cold but with blackening when warmed. — Subacetate 
or ammoniacal acetate of lead precipitates dextrin from very 
dilute solutions (in cold and dilute solution, a distinction from 
Glucose). — Pure dextrin (free from glucose) reduces potassio 
cupric snlphate at 80° to 90° C. It does not reduce boiling 
solution of cupric acetate (distinction from Glucose). — Pure dex- 
trin is not colored by iodine (distinction from Starch and " solu- 
ble starch ") ; nor precipitated by tannic acid {separation from 
Starch and soluble starch. Gelatin, and Ovalbumen) ; nor by 
mineral acids (separation from Album enoids) ; nor by baryta 
water (separation from Soluble Starch). 

Dextrin is dried (over a glycerin-bath) at 110° C. Its preci- 
pitate by subacetate of lead is Pb CgHj^^O . 

176. STABCn. Chiefly C^H^^O^ ; being an organized body, 
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of many varieties of structure, and containing cellulose in the 
envelopes of the granules. — Varieties of starch are identified by 
their form under the microscope (a). Starch in general is 
characterized by its relations to solvents {b) ; its color with 
iodine (c) ; its precipitates with tannic acid, subacetate of lead, 
and baryta (d) ; and its easy transformation to << soluble starch," 
dextrin, and then glucose (c). — Starch-paste and "soluble starch," 
both, are distinguished and in part separated from Albumenoids 
by non-precipitation with heat, or with mineral acids {e) ; from 
Gelatin by precipitation with subacetate of lead (d) ; from Gums 
by precipitation with tannic acid, and from Dextrin by precipita- 
tion with tannic acid or with baryta water (d). The complete 
separation of starch from Albumen, Gelatin, or Gum is effected 
by first changing it to glucose {e) and then washing the latter 
away (from the coagulum) with strong alcohol. — Starch is sepa- 
rated from Grains or other parts of Plants by water- washing 
{f), and determined directly or as glucose (g), 

a. The starch granides are from yj^ir ^^ tJtt ^^^ ^^ diame- 
ter, flattened and ovate, with concentric rings (the borders of 
overlapping layers), and mostly with a small eccentric nucleus. 
They are characteristic of each variety. 

6. Natural starch is insoluble in water, alcohol, ether, etc. 
Water at 60° to 75° C. (140° to 167° F.) bursts the granules of 
natural starch ; a small part of which is apparently dissolved, the 
larger part remaining suspended in minute particles forming a 
gelatinous semi-solution, while a small portion, consisting of the 
envelopes, readily subsides, the whole being known as Starch- 
paste. Boiling water slowly changes starch-paste to "soluble 
starch " and to Dextrin. — Caustic potassa solution of 2 or 3 per 
cent, causes starch to swell to starch-paste ; finally forming some 
" soluble starch." — When starch is triturated with two-thirds its 
weight of concentrated snlphnric acid, in the cold, ai)d left for 
an hour, then washed on a filter with alcohol till free from acid, 
it is transformed into " Solvhle Starch.^^ 

This is a modification of starch, soluble in cold or hot water 
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to a syrupy liquid not quite so clear as dextrin ; colored blue to 
violet with iodine (distinction from Dextrin) ; precipitated by 
alcohol when the latter is as much as 50 per cent, (dextrm re- 
quires stronger alcohol for precipitation) ; precipitated by tannic 
acid and by baryta water (two ways of separating from dextrin) ; 
precipitated by subacetate of lead (coinciding with dextrin). 

Concerning solution of starch by its transformation into Dex- 
trin and Glucose, see e> 

c, Free iodine — in solution with water or alcohol or water 
with iodide, or in vapor — colors starch blue to violet, forming 
the " iodide of starch " (a product of adhesion). The color is 
destroyed by heating (returning when cold), by washing with 
alcohol, and by chlorine, potassa, hydrosulphuric acid, or other 
agents which bring the iodine into chemical combination. 

d- Tannic acid precipitates starch-paste; the precipitate 
being soluble in excess of the starch, and soluble by heat — sepa- 
rating again when cold. Baryta water, and solution of subacetate 
of lead or ammoniacal solution of acetate of lead, precipitate 
starch-paste (as well as soluble starch). 

e. Starch is changed to Ghicoae (through soluble starch and 
dextrin) very quickly by boiling dilute mineral acids (two to 
three per cent.); very slowly by boiling with water, and quite 
effectually by the conditions of the alcoholic and " saccharine " 
fermentations. 

f. Cereal grains^ or other parts of plants, are finely pulver- 
ized, and then washed on a hair sieve with cold water, and the 
washings allowed to subside (as in manufacture). The starch 
residue may be washed again through a bag of fine linen. The 
residue is then washed on a filter with 45 per cent, alcohol con- 
taining 0.1 per cent, potassa, then with 60 per cent, alcohol, then 
with ether ; and dried, first below 60^ C, lastly at 100° to 110° 
C, when it may be weighed, as starch. 

g. Starch may be determined as Glucose (187, Z), after boil- 
ing with dilute sulphuric acid (e) and neutralizing. C^Hj^O, : 
C.H.,0. : : 180 : 162. 
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177, PECTOTTS SUBSTANCES. Vegetable products cor- 
responding in properties to the gelatinoids of the animal king- 
dom. 

178. Pbctosb. Insoluble in water, alcohol, or ether. Dis- 
solved as Pectin, etc., by long boiling with water, more readily 
with vegetable acids. Hot dilute mineral acids dissolve pectose 
as Pectin, which by longer treatment becomes Metapectin. 
Alkalie% by hot aqueous digestion, form soluble salts of Meta- 
pectic acid. 

170. Pectin. Neutral ; soluble in cold or hot water ; gela- 
tinized by dilute alcohol and precipitated by strong alcohol; 
changed by hot mineral acids to Metapectic acid ; changed by 
cold dilute alkalies into soluble salts of Pectic acid, by hot and 
strong alkalies into soluble salts of Metapectic acid. 

180. Pectic Acid. In its moist state, gelatinous. Neutral 
in reaction. Insoluble in cold and scarcely soluble in hot 
water; by boiling water slowly changed to soluble Parapectic 
acid, afterward to Metapectic acid. Pectic acid jelly is hardened 
and parapectic acid solution is precipitated by alcohol and by 
solution of wskgKS, Boiling with dilute acids readily converts 
pectic acid to Metapectic acid. Alkalies, on contact with pectic 
acid, form pectates soluble in water but insoluble in alcohol. 
The pectates of non-alkaline metals are insoluble in water. Boil- 
ing with aqueous alkalies converts pectic acid into soluble salts 
of Metapectic acid. 

181. Parapectin is neutral, soluble in water, insoluble in 
alcohol, by which its aqueous solution is gelatinized. Boiling 
dilute acids convert parapectin into Metapectin. Aqueous 
alkalies, on contact with parapectin, form soluble salts of Pectic 
acid. 

182. Parapectic acid is soluble in water (with acid reaction), 
the solution changing into one of Metapectic acid. Parapectic 
acid is precipitated from water solution by strong alcohol. It 
forms soluble salts with the alkalies ; insoluble salts with the 
other metallic bases. 
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183. Metapectin is soluble in water (with acid reaction), 
insoluble in alcohol. Alkalies form with it the soluble salts of 
Pectic acid. 

184. Mbtapectic Acid is producible from all pectous sub- 
stances, but produces none of them. It is soluble in water (with 
acid reaction) ; soluble in alcohol (separation from all other pec- 
tous substances) ; and forms soluble normal salts with all the bases 
(the non-alkaline salts of other pectous acids being insoluble.) 

Solution of suhacetate of lead precipitates all the pectous 
substances (including metapectic acid). Hot potassio cupric solu- 
tion is reduced by all the pectous substances. They are but 
slightly or not at all changed to Glucose, by boiling dilute acids. 

185. CELLTTLOSB. (C,H,pJn. Characterized by its 
physical properties and relations to solvents (a) ; by its trans- 
formation into parchment-paper (6), and into dextrin and glucose 
(c), and by its formation of gun-cotton (d). It is separated from 
Starch by its solubility in ammonio cupric solution (a), and by 
its insolubility in hot dilute acids. 

a. Pure cellulose is a white, translucent solid ; of specific 
gravity about 1.5; insoluble in water, alcohol, ether, oils; and 
other neutral solvents. It is slowly disintegrated and partly dis- 
solved with decomposition by strong aqueous alkalies. Hot 
dilute mineral acids scarcely affect it ; moderately dilute nitric 
acid changing it to Xyloidin, — Finely divided cellulose slowly 
dissolves in a solution of oxide of copper in strong ammonia ; 
being precipitated therefrom unchanged by hydrochloric acid. — 
Fibres of cellulose, superficially softened by sulphuric acid, or 
by potassa solution, are colored violet to blue by iodine solution, 
and are by this means rendered distinctly visible under the 
microscope. Alsio, by dipping in a 1 per cent, solution of potas- 
sium iodide and drying, then immersing in strong sulphuric acid 
and washing with water, cellulose is converted into a blue sub- 
stance, showing red and blue globules under the microscope 
(Terrell). ^ 
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b. Sulphuric acid of about 1.5 or 1.6 spec, grav., acting for a 
very short time on cellulose (unsized paper), changes its state of 
aggregation so as to form parchment-paper. 

c. Concentrated sulphuric acid, in the cold, slowly dissolves 
(thoroughly dry) cellulose to a colorless syrup, which closely 
resembles dextrin. It is, however, colored blue, or after stand- 
ing some days in the acid, violet to brown, by iodine. The name 
amyloid has been applied to this substance. If it is now, after 
several days' contact of the acid, diluted with 30 or 40 parts of 
water and boiled (until a portion is not precipitated by strong 
alcohol), it is wholly converted into glucose. 

d. Nitric acid of spec. grav. 1.5, or a mixture of nitrate of 
potassa 2 parts and concentrated sulphuric acid 3 parts, at a tem- 
perature below 50° C. (122° F.), converts clean, dry cotton wool 
(finely divided cellulose), by 24 hours' contact, into nitrocellulose. 
This is washed first with cold water, then with hot water, lastly 
with alcohol and dried at ordinary temperature. 

186. NiTROCKLLULosK, Pyroxylou, or Gun Cotton is the sub- 
stitution of (lSrO,),_, for H,_^ in CjgH,^0,j — , the lower substi- 
tutions being most soluble in ether, the higher substitutions being 
most explosive. It is more readily soluble in alcoholic than in 
pure ether — ^formation of Collodion. It is not attacked by dilute 
acids or alkalies : strong sulphuric acid dissolves it slowly, strong 
alkalies dissolve it with decomposition. — ^The residue from collo- 
dion is unchanged pyroxylon, in a firm and elastic mass, capable 
of being moulded at about 140° C. 

187. GLUCOSE. C^Hj,0,.H,0. Grape sugar. Starch 
sugar. Dextrose. — Characterized by its physical properties and 
solubilities (a) ; its rotation of polarized light (b) ; its reactions 
with potassa (c) and, as a reducing agent, with potassio cuprio 
solutions (d), cupric acetate (e), ferricyanide of potassium (y*), 
ammonio silver nitrate (g), bismuthic subnitrate (A), and molyb- 
date of ammonium (^). It precipitates ammoniacal acetate of 
lead {J), and reacts with stannic chloride and oobaltous hydrate 
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{k). — From Sucrose^ it is distinguished by a stronger reducing 
power (c?, e, f, g, ^), by not blackening with concentrated sul- 
phuric acid (189, c), but turning brown with potassa solution (c). 
— From Lactose^ it is distinguished by stronger reducing power 
(e, i), less soluble precipitate with ammoniacal acetate of lead 
(y), and by not blackening with concentrated sulphuric acid. — 
From, Fructose, it is separated by crystallization, and distin- 
guished by contrary rotation (b). — It is separated from Dextrin, 
Soluble Starch, Gums, the Pectous substances save metapectic 
acid, Gelatin, and Albumenoids, by solution in 90 per cent, 
alcohol (a) ; from Fats, etc., by insolubility in ether. — It is 
determined by the volumetric solution of potassio cupric salt 
(Z), or by the polariscope (5), or by fermentation (m). 

a. Glucose crystallizes, with some difficulty, in warty or 
cauliflower-like masses, hydrated ; but from strong alcohol, in 
anhydrous needles. At 60® C, the hydrate becomes an anhy- 
drous, white powder ; at 100° C, the hydrate meUs to a trans- 
parent mass ; but the anhydrous glucose melts at 130° C, For 
weighing, it should be well dried at 60° C, then at 110° C. 
(without melting). — Glucose is soluble in a little more than one 
part of cold water ; a saturated solution having a spec. grav. 
1.206 and containing 45 per cent, of anhydrous glucose. Dilute 
alcohol dissolves it freely ; 100 parts of 90 per cent, alcohol dis- 
solve 2 parts in the cold, 20 parts with boiling;, in cold, absolute 
alcohol it is scarcely at all soluble. Insoluble in ether, chloro- 
form, oils ; soluble in 60 parts hot amylic alcohol ; soluble in 
methylic alcohol. 

J. Anhydrous glucose has a specific rotatory power of 55° 
(Pasteur) to the right. 

c. Potassa, or milk of lime, when warmed in solution of 
glucose, causes a reddish-yellow to brown color with deposition 
of a humus-like substance (distinction from Sucrose). 

d. The test for reduction of cupric hydrate to cuprous 
hydrate in presence of alkali may be made by adding a drop or 
two of cupric sulphate solution and then an excess of potassa^ or 
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hj use of enough of the standard solution specified in A; to tinge 
the test-liquid bluish. At a gentle heat (short of boiling) glu- 
cose throws down the brownish-yellow precipitate of cuprous 
hydrate, changed by boiling to a brownish-red precipitate of 
cuprous oxide. Without heat, the reduction occurs after standing 
some time. (Compare Sucrose, h.) 

e* Solution of ouprie aoetate is reduced by glucose on boil- 
ing (distinction from Sucrose and from Lactose — ^the latter eject- 
ing a slight reduction after long boiling). 

/. Ferricyaaide of potassiam (1 part) in solution with 
potassa (^ part), at 80° to 100® C, is reduced by glucose to ferro- 
cyanide. The reduction is shown by loss of color, and by a 
blue precipitate with ferric salt. (Distinction from Sucrose and 
from Dextrin.) 

g. Boiling solution of glucose, separates silver (black) from 
nitrate of silver; more readily blackens the recent oxide of 
silver, and gives a dirty gray precipitate in solution of ammonio 
nitrate of silver (the latter a means of distinction from Sucrose). 

h. Basic bifmuthio nitrate, with carbonate of sodium, is 
reduced by boiling solution of glucose, with precipitation of bis*- 
muthous oxide as a dark gray sediment. 

i. Solution of molybdate of ammoninm, at boiling heat, is 
reduced by glucose, with formation of the blue molybdic molyb- 
date (distinction from Sucrose, Lactose, and Dextrin). 

j. Ammoniacal acetate of lead solution is precipitated by 
addition of concentrated solutions of glucose, the precipitate dis- 
solving in excess of glucose solution, but appearing again on 
boiling in solutions not too dilute and remaining when cold. 

k. Stannic chloride blackens when warmed with glucose. — 
Hitrate of cobalt in concentrated solution of glucose is not 
colored by addition of solid potassa and boiling (with pure 
Sucrose a violet-blue precipitate is obtained). 

Quantitative. — L Glucose is determined in its reduction of 
copper by use of a standard solution made as follows : 34.64 
grams pure crystallized cupric sulphate dissolved in 200 c.c 
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water, with 150 grams neutral potassic tartrate in about 500 c.c. 
of a 10 per cent, solution of soda (sp. gr. 1.14), the mixture 
diluted to 1 litre. 1 c.c. is reduced by 0.005 gram of (anhy- 
drous) glucose, or by 0.0067 gram of lactose.* The solution 
must not suffer change by boiling. The addition of hbout 100 
C.C. of pure glycerin (in the litre) prevents decomposition. 

The solution of sugar is diluted to such a number of times its 
own volume that it shall not be far from 1 per cent, glucose. Then, 
10 c.c. of the blue solution are taken in an evaporating-dish, 40 
or 50 c.c. of water added, and, while boiling, the graded sugar 
solution is added, until no blue color remains (afler the precipi- 
tate has subsided or been filtered out). The quantity of sugar 
solution used contains 0.05 grams glucose, or 0.067 grams 
lactose. 

m. Pure sugar may be determined by fermentation, in a 
Will's Fresenius' carbonic acid apparatus, as follows : In the first 
flask, of about 60 c.c. capacity, place 33.3 grams of the solution 
to be determined, and which is made of 5 to 10 per cent, strength 
of sugar. Add 0.3 gram tartaric acid and a small pinch of good 
pressed yeast, close the first flask (so that gas must pass through 
sulphuric acid in the second flask), and weigh the apparatus. Set 
aside at 30° to 35** C. (86° to 95° F.) for three days ; and weigh 
again. The weight of carbonic anhydride lost, multiplied with 
2.0454, gives the amount of anhydrous glucose, or of crystallized 
lactose, and, if multiplied by 1.9432, the quantity of sucrose. 
The results are not close, 

188, LACTOSE. C,H„0, (crystallized). Milk Sugar.— 
Chartzcterized by its physical properties (a) ; its reactions as a 
reducing agent (}), and with acids and alkalies (c) ; with am- 
moniacal acetate of lead and with lime (df) ; and by its fermenta- 



* That is, 180 parts of glucose (Oc HisO< ), or 340 parts of lactose (} of 
C« HisO« ), saffice to coiunime 40 parts of oxygen (2x0), redudiig 1247 parts 
Ca SO4 [Hs O]) of copper salt And 180 : 1247 :: 5 : 84.64. 
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tions.^It is distinguished from Glucose by a somewhat weaker 
reducing power {b)j a more sparing solubility in cold water or 
dilute alcohol (a), and by blackening with sulphuric acid {c) ; 
from Sucrose by greater reducing power (^) and insolubility in 
strong alcohol. It is determined volumetrically by the potassio- 
cupric solution (see Glucose, t). 

a. Lactose crystallizes in hemihedral trimetrio crystals, hard 
and colorless, becoming anhydrous (C„H„0,j) at 150° C, and 
turning brown without melting at 160** C. — It is sohtble in 6 
parts of water at ordinary temperature or 2^ parts hot water, the 
cold saturated solution having a maximum spec. gray. 1.060, and 
is insoluble in cold absolute alcohol and in ether. 

b. The potassio oupric solution is reduced by lactose yery 
nearly as readily as by Glucose (187, d and I) (distinction from 
Sucrose) ; one-third greater quantity being required, however, to 
produce the same effect. — Solution of cupric acetate is only 
reduced very slightly and slowly by boiling with lactose (dis- 
tinction from Glucose). — ^Molybdate of ammonium solution is 
scarcely changed in a perceptible degree by boiling with lactose 
(distinction from Glucose). — Ammoniacal nitrate of diver solu- 
tion is reduced by boiling with lactose (distinction from Sucrose). 

c. Concentrated snlplinric acid blackens lactose, rapidly 
when warmed (distinction from Glucose). — ^Potassa slowly turns 
lactose solution brown after heating to boiling point (distinction 
from Glucose). 

d. Ammoniacal acetate of lead solution gives but a slight 
precipitate, soluble in water and not reprecipitated on boiling. 
With milk of lime, not in excess, lactose forms a compound 
soluble in water, insoluble in alcohol. 

189. SUCROSE. C„H„0„. Cane Sugar. Saccharose. — 
Characterized by its physical properties (a) ; its reactions as a 
reducing agent (J) ; its reactions with alkalies and acids (c), and 
with ammoniacal acetate of lead {d). From Glucose it is dis- 
tinguished 2iS 9k less powerful reducing agent (^), by blackening 
with sulphuric acid or turning brown with potassa solution (c), 



SUCROSE. 173 

and by its reaction with cobalt (e). It is distinguished from 
Lactose by weaker reducing power {b). It is approximately 
separated from Lactose by solution in cold water, and fully 
separated from Dextrin, Gums, Gelatin, and Albumenoids by 
solution in 90 per cent, alcohol. It is separated from Fats, 
Resins, etc., by not dissolving in (nearly absolute) ether. It is 
determined by volumetric solution of potassio copper salt, after 
being changed to glucose (c, and 187, Z), by the specific gravity 
of its pure water solutions, by its specific rotatory power as 
measured in the polariscope, and by fermentation as directed for 
Glucose, 187, m. 

a. Sucrose crystaUizea readily in monoclinic (rhomboidal) 
prisms, generally with hemihedral faces, and anhydrous. At 
160° C. (320° F. ) it melts to a clear liquid which solidifies to 
" barley sugar " ; at about 210° C. (410° F.) Caramel and other 
products are formed. — Sucrose is soluble in about ^ part of 
water; scarcely soluble in cold absolute alcohol, insoluble in 
ether, chloroform, benzole, etc. — Sucrose has a specific rotatory 
power of 73.8° to the right. 

b. Potassio cupric solution is at first not at all reduced by 
sucrose on warming, or even on digestion over the water-bath, 
but after boiling 5 or 10 minutes, a slight precipitate of cuprous 
hydrate appears, (distinction from Glucose, Lactose, and Dextrin). 
-rSolution of acetate of copper is not reduced by long boiling 
(distinction from Glucose). — ^Ferrloyaiiide of potassium is not 
reduced to ferrocyanide by hot solution of sucrose (distinction 
from Glucose). — ^Stannic chloride is r reduced on warming, and 
chromate with excess of potassa on boiling, with sucrose, (reac- 
tions coinciding with those of Glucose and Lactose). — ^Ammonia- 
cal nitrate of silver solution is not reduced, though turned yel- 
lowish, on warming with sucrose (a distinction from Glucose). 
Recent oxide of silver with excess of potassa is blackened on 
boiling with sucrose. — ^Molybdate of ammonium (neutral solution) 
is unchanged by sucrose (distinction from Glucose). 

c. Sucrose is not readily colored by warming with solution 
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of potana (distinction from Glucose). lime forms a soluble 
compound with sucrose. — Conottitrated snlphurio add blackens 
sucrose on warming, witli separation of carbon and evolution of 
sulphurous and formic acids (distinction from Glucose). — ^Dilute 
minreal adds (2 to 3 per cent.), boiled 10 to 15 minutes with 
sucrose, transform U into glucose. The same change is very 
slowly effected by long boiling in water, and with moderate 
rapidity by boiling with dilute vegetable acids. Also by the 
conditions of alcoholic fermentation. 

d. Ammoniacal solution of acetate of lead gives a white pre- 
cipitate (Pb,C„H„0,j), scarcely soluble in cold but readily 
soluble in hot water. 

e. The blue to violet and rose-red precipitate made by add- 
ing potassa to nitrate of colmlt solution and boiling is scarcely 
altered by presence of sucrose, or held a little more in the 
violet. (In presence of Glucose, the mixture after boiling is 
colorless or brownish, but not violet or blue.) 

CARAMEL. A mixture of three compounds : 

Caramelane — brittle at ordinary temperatures, soft at 100** C, 
odorless and bitter ; deliquescent and very soluble in 
water, sparingly soluble in alcohol, insoluble in ether. 

Caramelene — brittle, freely soluble in water, not deliquescent, 
sparingly soluble in alcohol, insoluble in ether. 

Caramelin — ^black, shining, and infusible ; having three modifi- 
cations with different and varying solubilities. 

Caramel is precipitated by subaoetate of lead solution ; and 
reduces potassio cupric solution. As generally prepared, cara- 
mel has a characteristic, " burned-sugar " odor. 

190. MANNTFE. C,H,,0,. Crystallizes readily from solu- 
tion in thin, four-sided prisms ; melts at 160° C, and at 200° C. 
(392° r.) distils with little decomposition. It dissolves in 6 or 
8 parts of water of ordinary temperature, in 80 parts of 60 per 
cent, alcohol or 1400 parts of absolute alcohol or smaller quanti- 
ties of boiling alcohol, but is insoluble in ether, — ^It is not black- 
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ened by ooiifleirtnited sulphuric acid, or turned brown by boiling 
with potassa, and it does not reduce the potassio cupric sulphate 
solution. It is not subject to the alcoholic fermentation. 
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191. METHYIJC ALCOHOL. CH^O. Recognized by 
its sensible and physical properties (a) ; its reaction with potassa 
and, as a conimercial article, with sulphuric acid (h) ; by solution 
of recent mercuric oxide (c) ; by its reducing power (<?), and its 
formation of formic acid [e)» It is separated by fractional dis- 
tillation (y). It is approximately determined as methyl oxalate 
(g) or as formic acid {e, and Formic acid^' or k), 

a. Pure methylic alcohol is a colorless liquid^ of spec. grav. 
0.800, boiling at 66° C. (151° F.), and of characteristic taste and 
odor. The commercial article is seldom free from empyreuma. 
It is miscible in all proportions of water, alcohol, and ether, and 
dissolves resins and nearly all substances soluble in ethylic 
alcohol. 

h. The addition of potassa^ with boiling by the heat of the 
water-bath, causes a brown color in a short time (Ethylic alcohol 
only after a long time). — Ordinary methylic alcohol gives a red 
to red-brown color with concentrated snlplinric acid. 

c. Add (to the distillate /) 2 or 3 drops of very dilute solu- 
tion of mercnrio chloride, then solution of potassa in excess, 
agitate and warm. If methylic alcohol is present, the mercuric 
oxide will be dissolved. 

d. Methylic alcohol readily decolorizes permanganate of 
potassium solution ; but does not reduce silver nitrate, or potas- 
sio cupric solution. 

e. Oxidation to formic acid is effected by distillation of 2 
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cc. of the liquid examined, in a retort of 60 c.c. capacity, with 
2 grams of powdered bichromate, 15 c.c. of water, and 25 drops 
of 8ulphuri(^ acid — digesting fifteen minutes and then distilling 
15 cc. 

f. In the diatiUatim of methylic alcohol, add a little animal 
charcoal and a little solution of sodic carbonate, and receive the 
distillate at 66° to 76° C. (151° to 169° F.) 

Quantitatiye. — ^. Place in a retort 55 grams crystallized 
oxalic acid and the mixture of 35 grams of concentrated sul- 
phuric acid and 25 grams of distillate f^ digest for ten hours, and 
distil from an oil- bath at 160° to 180° C, as long as anything 
passes over. The distillate consists of oxalic ethers ; methyl 
oxalate being freely soluble in water, while ethyl oxalate is 
nearly insoluble. The distillate is now washed with 25 times 
its volume of water ; the clear solution decanted, digested, in a 
close bottle, with excess of potassa, the mixture acidulated with 
acetic acid and precipitated with calcium chloride (adding potassic 
acetate). Gather the oxalate of calcium, wash, dry, and ignite 
to carbonate (adding ammonium carbonate and igniting slightly 
again, if necessary), CaCO, : 2CHp ; : 1 : 0.64. 

102. ETHYUC ALCOHOL. C,H,0. Characterized by 
its physical and sensible properties (a) ; by the extent of its 
reducing power (5) ; by its formation of iodoform (c) ; of various 
compound ethers (d)^ and of acetic acid (e). — Separated by 
fractional distillation, solubility in water, and insolubility in 
fixed oils. Separated from methylic alcohol as an oxalic ether 
(191, g)^ from amylic alcohol by solution in water or by frac- 
tional distillation. — Determined by the specific gravity or by the 
boiling point of its mixtures with water. 

a. A transparent, limpid liquid, of spec. grav. 0.794, freezing 
at -95° C. and boiling at 78° C. (173° F.), of an agreeable and 
pungent odor and a sharp and burning taste. It is miscible with 
water, ether, chloroform, benzole, petroleum naphtha, volatile 
oils and castor oil, and dissolves resins and camphors. 
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5. Alcohol — as a hot liquid or as vapor — slowly reduces 
chromic acid, or a mixture of potassic bichromate and sulphuric 
acid — the alcohol being first oxidized to acetic acid. (This is in 
common with aldehyde, acetic acid, formic acid, and many 
volatile organic bodies.) Permangaiiate of potassium is but 
slowly reduced by ethylic alcohol — so that the red tinge of a 
slight addition of a -j-gVo" solution is scarcely at all affected for 
several minutes. (Methylic alcohol, Formic acid. Aldehyde 
and many other volatile organic bodies, more readily reduce the 
permanganate. ) 

c. The production of iodoform from alcohol is a result (in 
part) of the reducing power of the latter upon alkaline iodate : 

6KB0+6I=5KE+KE03+3H,0 
KI03+C,H,0+2I=CHI,+KCH0,+2H,0 

Take 3 to 5 c.c. of the distillate to be tested, 5 to 6 drops of a 
10 per cent, potassa solution ; warm to 100° or 120° C. (212° to 
248° r.), and add — of a solution of potassic iodide in five parts 
of water, saturated with iodine — until the liquid is brownish- 
yellow. If, on agitation, the color does -not disappear, add one 
or tv/o drops of the potassa solution. If alcohol is present, the 
iodoform appears, sooner or later, in yellow scaly particles. 
With a power of 200 to 400 diameters, these are seen as hexa- 
gonal stars and rosettes. Iodoform is formed also by Aceton, 
Aldehyde, Acetic ether. Butyric alcohol, Amylene. Not formed 
by Ether, Amylic Alcohol, Chloroform, Chloral, Chloral Hydrate, 
and, according to Libbbn, not formed by Methylic alcohol. 

d. See under Acetic acid, 40, 5, and Butyric acid, 41, h 
(One c.c. of the distillate to be tested is treated with 0.3 to 0.5 
gram of dry potassic acetate and 2 or 3 c.c. of sulphuric acid.) 

e. Acetic acid is formed from alcohol by digestion with a 
mixture of bichromate of potassium and dilute sulphuric acid, or 
of permanganate of potassium and dilute sulphuric acid. See 40. 

198. ALDEHYDE. C,H^O. Acetic Aldehyde. — A trans- 
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parent and colorless liquid, of spec. grav. 0.800 at 0^ C, distill- 
ing at about 21° C. (TO"* F.), neutral in reaction, of a pungent 
and suffocating odor, slightly resembling that of apples. The 
vapor irritates the eyes. — It is miscible in all proportions with 
water, alcohol, and ether, but not with aqueous chloride of cal- 
cium (separation from Alcohol). It dissolves sulphur, phos- 
phorus, and iodine. — It promptly reduces ammonio nitrate of 
lilTer, forming a specular coating on the glass (distinction from 
Acetic acid, Alcohol, Ether). It bums readily, with a blue 
flame. It is blackened by gnlphnrio acid. — Potassa solution, 
warmed with aldehyde, colors it brown, with deposition of '< alde- 
hyde resin " and formation of acetate and formate (a character- 
istic test). Ammonia (gas) with aldehyde forms aldehyldate of 
ammonium, a compound of an ammoniacal, terebinthinate odor, 
crystallizing (from ether or alcoholic ether) in transparent acute 
rhombohedrons, melting between 70° and 80° C, and distilling 
at 100° C. It dissolves in water, sparingly in alcohol and ether. 
With other bases aldehyde acts as a monobasic acid, exchanging 
one atom of its hydrogen. 



194. SUIiPHETHYIiATES. HC,H.80^. Ethyl-sulphates. 
— Sulphethylic acid is a limpid, oily, acid liquid, of spec. grav. 
1.315, decomposed by heat, evolving ether at 130° to 140° C. 
(266° to 284° F.)— It is soluble in water and alcohol, not in 
ether. — Its metallic saUs are all soluble in water, and are mostly 
soluble in aqueous but not in absolute alcohol, the ammonium 
salt only is soluble in ether. The sulphethylates are gradually 
decomposed in boiling water. JBarium sulphethylate crystal- 
lizes in permanent monoclinic prisms, with 2n,0 which is ex- 
pelled in a vacuum, the anhydrous salt bearing 100° C. without 
change. It dissolves in about one part of water, and in a larger 
quantity of aqueous alcohol. The sodium salt crystallizes in 
slightly efflorescent hexagonal plates, with H,0, soluble in less 
than one part of water, melting at 86° C. When anhydrous, it 
bears 100° C. without change. 
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106. ETHEB. (CjHjjO. Recognized by its sensible and 
physical properties (a). JSeparcUed by distillation, or by solu- 
tion (ft). 

a. /Sjt>ec. ^mtJ., at 15° C, 0.713; at 17.5° C, 0.7185. Boil- 
ing point, 35° C. (95° F.) Ether of spec. grav. 0.728, and 
boiling at blood heat, has from 5 to 6 per cent, of about 90 per 
cent, alcohol ; that of spec. grav. 0.750 has about 25 per cent, 
of 88 per cent, alcohol.— At 17.5° C. (63.5° F.), one part of 
ether dissolves in 12 parts of water, and 35 parts of ether dis- 
solve one part of water. Alcoholic ether is more soluble in 
water ; 

« Ether " of sp. gr. 0.719 to 0.721 dissolves in 12.0 parts water. 

« " " 0.724 « 0.726 " " 10.0 « « 

" " " 0.729 « 0.731 " « 7.7 " " 

ti a a 0.733 " 0.735 " « 6.2 « « 

« " « 0.738 « 0.741 « " 5.0 " " 

« « « 0.743 " 0.746 « « 4.3 " " 

" « " 0.748 « 0.750 « " 3.8 « « 

Salts not soluble in ether (as dry potassio carbonate) separate 
it from water almost wholly. Ether is miscible in all propor- 
tions yriiV alcohol, chloroform, benzole, petroleum naphtha, fixed 
and volatile oils, and dissolves resins* <iiilphur, phosphorus, 
iodine, and ferric, mercuric, and auric chlorides. Tannic acid 
dees not dissolve or deliquesce in a^jsolnte ether, but deliquesces 
in the "stronger ether" of spor.. grav. 0.728. Ether is less 
rx^luble in glycerin than in water/ It mixes with concentrated 
sulphuric acid, the liquid turning brown when warmed.— In the 
air, ether very slowly oxidize«i to acetic acid. Its combustibility 
renders it necessary tu ase strict precautions in the manipulation 
^f its vapor. 

5. Ether is ^j>j'rox'7nately separated from alcohol by means 
of glycerin (yv water). A test-tube of over 20 c.c. capacity is 
fVjkduHX&fj. froni the point of 10 c.c. contents (marked 0) to the 
p-^iD. «;<' 'JSi CO. contents (marked 10). Ten c.c. of glycerin or. 
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water is taken in the tube, then 10 c.c. of the ether is added, the 
contents shaken together, the ether allowed to separate, and the 
increase in the lower layer is read off. 

IM. NITBOTTS BTHBB. C,H,NO,. Nitrite of ethyl.— 
Characterized by it« sensible and physical properties (a) and by 
reactions of nitrites. — Estimated, in its alcoholic mixtures, by 
their boiling point (6), and by volumetric trial with permangan- 
ate (c). 

a. Nitrite of ethyl is a yellowish liquid, of spec. grav. 0.947, 
boiling at 16.6° (62° F.), and of an agreeable odor of apples. It 
is soluble in 48 parts of water, in all proportions of alcohol, and 
freely soluble in dilute alcohol. It gradually decomposes ; more 
quickly in contact with water. 

6. " Spirit of nitrous ether," of 5 per cent, nitrite of ethyl, 
boils at 63° C. (145° F.) : the test-tube containing it being im- 
mersed in water of that temperature, and a few fragments of 
broken glass added. 

Quantitative. — c, 10 grams of the spirit of nitrous ether are 
macerated, with 1.2 to 1.5 grams of fused potassa, in a stoppered 
flask, for 12 hours, occasionally agitating. Then pour the mixture 
into a beaker, dilute with an equal bulk of water, and leave at a 
warm temperature till the odor of alcohol disappears. Acidulate 
slightly with sulphuric acid, and add, from a burette, a solution 
of potassium permanganate of known strength, until the color 
peases to be discharged. The number of grams of permanganate 
expended, multiplied by 1.18, equals the number of grams of 
jetbyl nit^rite |n tf^e IQ graij^s of material taken. 

197. CHLOBOFOBM. CSOI,. Identified by its sensible 
and physical properties (a) ; its liberation of chlorine when de- 
composed (J), and its production of isonitril (c). It acts as a 
reducing agent (d). It is separated by washing with concentrated 
sulphuric acid and with water, and rectification from alkaline 
carbonate, lime, calcium chloride, animal charcoal («). It may 
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be estimated from the chloride it gives after digestion with 
alcoholic fixed alkalies. 

a. Chloroform is a colorless liquid, of spec. grav. 1.497 (at 
15*^ C), boiling at 61° C. (142° F.). It is neutral in reaction, 
and has an agreeable sweet ethereal odor and burning sweet 
taste. It is not readily combustible, but burns with paper, with 
a green-bordered flame. By standing, especially in the light and 
if free from alcohol, it becomes acid and gives reactions for 
chlorine and hydrochloric acid. — Chloroform is not miscible 
in water except in traces, but is soluble in all proportions of 
alcohol, ether, benzole, petroleum naphtha, bisulphide of carbon, 
fixed and volatile oils — ^not in concentrated sulphuric acid. It 
dissolves sulphur, phosphorus, iodine, iodoform, resins, caout- 
chouc, and gutta percha. 

b. Chloroform is decomposed, with production of chlorine 
and hydrochloric acid^ when it is passed in vapor through a red- 
hot tube; or, with production of chloride and formate, when 
digested with alcoholic solution of potassa (slowly by aqueous 
potassa). (Alcoholic ammonia produces ammonium cyanide and 
chloride—the better with help of potassa.) 

CH CI3+4KH o=3b: CT+K CH 0,+2H,0 

CHC1,+5NH, =3NH,C1+NH,CN 

Also, with production of hydrochloric acid, by nascent hydrogen, 
as evolved by zinc with sulphuric acid diluted with alcohol. — 
The free chlorine is made evident by potassic iodide (and starch), 
and the hydrochloric acid by silver salt. (Neither pure nor alco- 
holic chloroform affects silver nitrate.) 

c. Chloroform, even in solution with 5,000 parts of alcohol, 
when treated with anilin (or other monamine) and then with 
alcoholic soda, forms an isonitril, recognized by its characteris- 
tic odor (Hoffmann). This test distinguishes chloroform from 
Chloroethylidene (C^H^ClJ. Iodoform, Bromoform, Chloral, etc., 
react in the test^ t^e same as chloroform. 
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d. Chloroform readily reduces the hot potattdo ouprie solu- 
tion (distinction from chloroethylidene and from alcohol). 

e. Chloroform may be separated from slight mixtures of 
Ether, Alcohol, water, etc., as follows : To 10 parts of the impure 
chloroform, add 2 parts of concentrated sulphuric acid, and shake 
together occasionally for 24 hours. Remove the upper layer, 
add to it ^ part of (crystallized) carbonate of sodium previously 
dissolved in 1 part of water, agitate and digest (cold) for half an 
hour, then remove the lower layer and distil it from ^ part of 
freshly-burned lime. — Distillation from dry calcium chloride 
separates chloroform from alcohol. — ^To separate from Ethe- 
real Oil (ethyl and ethylene sulphates), distil from animal 
charcoal. 

108. CHLORAL HYDRATE. C,HC1,0.H,0. Charac- 
terized by its sensible and physical properties (a), and its forma- 
tion of chloroform (6), and of chloralide (c). It has, with alkalies, 
considerable reducing power («?). Separated from chloral alco- 
holate by its slight solubility in cold chloroform and its greater 
solubility in cold water. — Estimated from the amount of chloro- 
form it produces (e). 

a. A friable solid, crystallizing from solvents in transparent 
rhomboidal crystals, or congealing in a white crystalline mass, 
melting at about 60° C. (140° F.) and boiling at 95° C. (203° F.) 
«— (the Alcoholate boils at 116° C). It slowly sublimes, in the 
bottle, at ordinary temperatures. It is neutral in reaction, and 
of an aromatic, penetrating, and slightly acrid odor, and bitter, 
caustic taste. Melted in a spoon, over the flame, it does not take 
fire (distinction from the alcoholate). — It is slightly deliquescent, 
readily soluble in IJ parts of water (the alcoholate dissolves 
sparingly in cold water) ; soluble in alcohol, ether, benzole, 
petroleum naphtha, bisulphide of carbon ; slightly soluble in cold 
chloroform (the alcoholate freely soluble). It forms liquid mix- 
tures with camphor, and with phenic acid, and a crystalline 
mixture with glycerin. 
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h. Fixed and volatile alkalies, and their carbonates, in solu- 
tion, decompose chloral hydrate — the chloroform subsiding from 
the milky mixture. 

C,HCl30.H,0+KH0=CHCl,+KCH0,+H,0 

(100 parts chloral hydrate producing 72.2 parts of chloroform.) 
(Trichloracetic acid, also decomposed by alkalies into chloroform 
and formate, has an acid reaction, and boils at 195^ C.) 

0. Concentrated sulphuric acid separates, from about an 
equal weight of chloral hydrate, anhydrous chloral — the latter 
rising to the surface, as a pungent and irritating oily liquid, of 
spec. grav. 1.5. — Chloralide is formed when chloral hydrate (con- 
centrated, if necessary, by distillation from chloride of calcium) 
is heated with about six times its volume of concentrated sulphuric 
acid, at 126° C, for some time. When cool, the mixture is 
diluted with six measures of water, and, if carbonized at all, 
extracted with ether. On evaporating the ether the chloralide 
(CjHjdjO,) crystallizes in stellate groups of prisms (or in 
needles) which melt at 116° C. and bum at 200° C. with 
a green-edged flame. — In certain conditions, sulphuric acid 
changes chloral into metachloral (insoluble in water, alcohol, 
or ether). 

d* Chloral hydrate, in the act of decomposition by ammonia, 
promptly reduces nitrate of diver as a specular coating. — 
Aqueous solution of pure chloral hydrate does not within a few 
minutes perceptibly decolorize the permanganate of potassium 
solution, and does not at all affect argentic nitrate. — ^The potassio 
cupric solution is reduced by chloral according to 197, d. 

Quantitative. — 6. Take 10 grams of the chloral hydrate, 
dissolve in the least quantity of water, and add, in a graduated 
tube holding 20 c.c, ammonia enough to be a slight excess for 
the absolute chloral hydrate taken, according to the equation in b 
(5 c.c. of water of ammonia of spec. grav. 0.90). Stopper tightly 
in the tube, which should be nearly filled by the liquid, and leave 
until the subsident layer no longer increases — four to twelve 
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hours. The c.c. of chloroform are multiplied by 1.5 for grams. 
Closer results are obtained by taking 50 grams chloral hydrate. 

199. lODOFOBM. CHI,. A sulphur-yellow solid, crys- 
tallizing in hexagonal plates, stars, and rosettes; melting, at 115° 
to 120° C, with partial vaporization and partial decomposition 
into carbon, hydriodic acid, and iodine. It has a saffron-like 
odor, reminding of chloroform and of iodine, and a taste like the 
same substances, becoming unpleasantly strong of iodine. — It is 
soluble in 13,000 parts of water (to which it imparts a slight 
odor and taste), in 80 parts of cold or 12 parts of boiling alcohol 
of 80 per cent., in 20 parts of ether, and soluble in chloroform, 
bisulphide of carbon, fixed and volatile oils. The alcoholic 
solution is straw-yellow ; the ether solution, gold-yellow ; both 
solutions are neutral, and have a sweet-ethereal, burning taste and 
iodine-like after-taste. — It is difficultly and imperfectly decom- 
posed by boiling aqueous potassa, but (Wittstein) alcoholic 
potassa decomposes it, forming iodide and formate (see chloro- 
form, h), 

200. CBOTON-CHLORAL HYDRATE. C,H,Cl30. The 

trichlorinated aldehyde of crotonic acid. — ^Thin, dazzling-white 
plates, melting at 78° C, volatile in steam at 100° C, boiling at 
] 63°. It has a sweetish, melon-like taste, and its vapor irritates 
the eyes. It is sparingly soluble in cold, freely in hot water, and 
soluble in alcohol and in glycerin. Potassa decomposes it with 
formation of potassic chloride and formate and dichlorallylene 
(C.H,C1J. 

201. AMYIJC ALCOHOL. C^Hj^O. Characterized by 
its sensible and physical properties (a) ; by its production of red 
sulphamylic acid {h) ; by its formation of odorous ethers (c). — It 
is separated from alcohol by fractional evaporation or distilla- 
tion, or by adding water and extracting with ether {d) ; from 
water, in the slight proportions miscible, by adding petroleum 
naphtha or benzole, or by adding common salt (e). 
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a. A colorless and transparent liquid, of spec. grav. 0.816, 
boiling at 132-3° C. (270° F.), and having a sharp taste and a 
characteristic, pungent odor. Its vapor excites coughing, a few 
moments afler it is inhaled. — It is soluble in about 40 parts of 
water, less soluble in solution of common salt, soluble in all pro- 
portions of alcohol, ether, chloroform, benzole, petroleum naph- 
tha, fixed and volatile oils. It makes a slowly evanescent oil-spot 
upon paper. — It burns with a smoky flame. 

6. When two parts of amylic alcohol are digested warm with 
three parts of concentrated snlphurio acid, sulphamylic acid, or 
amyl sulphuric acid is formed — having a red color and dissolving 
freely in water. 

c. Distilled or digested hot with concentrated sulphuric 
acid and potassic acetate, the odor of " pear-oil " is developed 
— ^from formation of amyl acetate. — Distilled or digested with 
sulphuric acid and a little water and bichromate of potassium, 
the apple-odor of valeric aldehyde is first generated, and then the 
peculiar odor of valeric acid (42). 

d. It is separated from (aqueous) ethylic alcohol, by adding an 
equal volume of pure ether, and then to the whole an equal 
volume (or enough) water to cause the ether to separate. The 
latter will contain most of the amylic alcohol. Benzole or petro- 
leum naphtha may be used instead of ether. 

e. If from 100 c.c. of commercial " fusel-oil " are slowly 
distilled 5 c.c, and this be agitated with a saturated solution of 
common salt, the separation of an oil-layer of 2.5 c.c. or over 
indicates that there is less than 15 per cent, of << proof spirit " in 
the fusel-oil taken. 

202. ** FTTSEL-OIL " contains, besides amylic alcohol, small 
proportions of Butyric, Valeric, and volatile Fatty Acids, and of 
propylic and butyric alcohols. — In examination of spirits for 
fusel-oil, add 2 or 3 c.c. of potassa solution, to about 30 c.c. 
of the material, and evaporate by a gentle heat to dryness. 
Add 5 or 6 c.c. of sulphurio add and nearly as much water : 
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when, if the. acids in question aFe present, their odor will be 
apparent.* 

203. NITBITE OF AMYL. C.H.,NO.. A h^tA^ipXkm- 
iflk liqoidy darkfining when kostodyof spec. gray. 0.877, boiling at 
about 96^ C Its vapor has a reddish-yellow color. Its odor 
resembles that of ethyl nitrite. — Sulphuric acid (concentrated) 
decomposes it with explosive violence, sometimes with combus- 
tion. Alcoholic potassa decomposes it quickly, forming potassic 
nitrite : aqueous potassa decomposes it slowly, 

* Farther, see Presoott's Exarainatioii of Alcoholic Liqitors, New 
York, 1875. 



IKDEX. 



Absirthin, 151, 158. 
Acacda, 160. 
Acetic Acid, IS, 58* 
Acetic Ether, formation of, 60. 
Acids, 13. 

Separated as lead salts, 60. 
Aconi&s 125, 128, 185, 187 to 140, 142 

to 144, 148, 150. 
Aconitic Acid, ISL 21. 
Acrolein, formation of, 88. 
Acrylic Acid, formation of, 88. 
Agaric Resin, separated from Qam- 
boge,08. 

Separated by Chloroform, 104. 
AJbmnen, 158. 
Albumenoids, 18, 157« 
Alcohol, 18, 176. 
Aleoholk 175. 
Aldehyd, 18, 177. 
Aldehyds, as Volatile Oils, 104. 
Alkaloids, Fixed, 18. 

Volatile, 18, 130. 
Allspice 01l--See Pimento OH 
Almond Oil, 78, 76. 78, 81. 
Almonds, Oil of Bitter—See Bitter 

Almond Oil. 
Aloes Resins, 03, 108. 

Separation of Gkunboge from, 08. 
Aloin, 151, 158. 
Amber, 08, 103. 

Amber oS, 107, 106, 100, 111, 114. 
Ammonia, 124. 
Ammoniac, 08, 108. 
Amygdalin, 144, 152. 
AmyBc Aloohol 18. 184. 
Amyl, Nitrite of, 188. 
Amyloid, 188. 
AniUn, 120, 140, 142, 148, 14& 

Compounds, 18, 14. 
Anise Oi( 107 to lit 114. 
Anthracene, 18, lit* 
Arabic Add, 182. 
Arabin,182. 
Asparagin, 158, 158. 
AsBafetida,04 108. 
Atropia, 125, 128, 185, 187 to 140, 142 

to 144, 147, 148, 150. 
Aoric Chloride, as Reagent for Al- 
kaloids, 160. 



Bauc Oil, 107, 112. 
Balsams, 08. 



Balsam of Copaiba, 98. 
Peru, 102, 108. 
Tolu, 103. 

Baranilin, 120. 

Bases, Volatile, 120. 

Beech-nut Oil, 78, 78, 81. 

Benzene, 110. 

Benzoin, 04, 103. 

Benzole. 18, 11 9« 

Benzoyl Hydride-Hwe Bitter Al- 
mond OiL 

Berberina, 125, 128, 185 to 188, 140, 
143, 148, 145, 147, 140, 151. 

BergamotOil, 107 to 110, 112, 114. 

Bitter Almond DO, 107 to 111. 
Artiflcial-H9ee iCltrobenzole. 
Formation of, 62. 

Boheic Acid, 18, 36. 

Bone OIL 76, 81. 

British Gum— see Dextrin. 

Bromated Camphor, 116. 

Bruda, 125, 128, 1^ 187 to 140, 142, 
143, 145 to 150. 

Butter, 74, 81. 

Butyric Acid, 18, 80, 61. 
"Ether, Formation of, 82. 

Butyrin in Butter, 81. 

Caoao Butter, 74. 
CacodyL Formation of, 50. 
Caffeina, 125, 127, 128, 185 to 140, 142 

to 145, 148 to 150. 
Caifetanmc Acid, 18, 28, 35. 
Caieput OiL 107 to 110, 112, 114. 
Calamus Oil, 107 to 110. 
Calvert's Tests for Fixed OUs, 78. 
Camphor OiL 107. 
Camphors. 18, 116* 
Canatlba Wax, 06, 103. 
Cane Sugai^naee Sucrose. 
Cannabin, 08. 
Caoutchouc, 06, 108. 
Capric Acid, 87, 88. 
Caproic Add. 87, 88. 
Caprylic Acid, 87. 
Caramel, 178, 174. 
Caramelane, 174. 
Caramelene, 174. 
Caramelin, 174. 

Caraway, OU of, 107 to 110, 112. 
Carbazotio Acul— see Nitrophenic 

Add. 
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CartxAydntM^ 18, 161. 
Carbolic Acid— see Fhenio Acid. 
Carbon, unoombined. 11. 

Compounds of, ill. 
Cardamon OiL 107, 106L 
Carminic Acid, IS, 40* 
Carmine— see Carminic Acid. 
Cascarilla Oil, 107, 109, 112. 
Casein, 159. 

Castor Oil, 73, 76^ 78, 80, 81. 
Catechn, 84. 

Catochuic Acid, 18» 28, 34. 
Catechutannio Add, 1& 28, 33. 
Cathartic Acid, VSS. 156. 
Cathartin-HBee Cathartic Add. 
CeUolose, 18, 167. 
Cephaelic Add, 28. 
Ceroeo-ceric oxide, as Reagent, 140. 
Cerotic Acid, 13, 70« 
Chamomile Oil, 107. 108, 109. 
Chloral Hydrate. 13, 182. 

with OU of Peppermint, 115. 
Chloralide, 182. 
Chlorine, as Reagent for Alkaloids, 

Chloroform, 18, 180. 
Chrysammic Add, 152. 
Chrysophanic Acid, 1& 41* 
Chrysophane — see Chrysophanic 

Add. 
Cinchona Bark, separation of Adds 

from, 37, 39. 
Cinchonia, 125, 128, 136 to 140, 142, 

148, 145, 149, 150. 
Cinchonidia, 125^128, 149. 150. 
Cinchotannic Add— see Qainotannic 

Acid. 
Cinnamate of CinnyL 102. 
Cinnamon OIL 107 to 110, 112, 114. 
Citric Acid, 13, 18. 
Citric Add, distinguished from Tar- 
taric, 15. 
Ctoves, Oil of, 107 to 111. 
Cochineid, separation of Carminic 

Add from, 26. 
Cocoa-nut (Coco-nut) OiL 80. 
Codeina. 125, 127, m 136 to 138, 140 

to 143, 145, 147 to 150. 
Cod-Uver Oil, 7S^ 77, 78, 80, 81. 
Coffee, separation of Caffetannic 

Acid from, 85. 
Cohesion-figures of Oils, 74^ 105. 
Colchicia (Colchicin), 125, 127, 128, 

135 to 140, 1^ to 150. 
Colocynth, separation from Ghun- 

Doge, 98. 
Colocyn&in, 136, 137, 145. 
Colombic Add— see Columbio Add. 
Colombin, 145^ 151, 156. 



Colombo Bitter— flee Colombin. 
Golopholic Add, 96. 
Colophony, 95, 108. 

Depanition from Lac, 101. 
Color Resins, 93. 
Columbic Acid, 13, 39. 
Columbo Root, separation of Acid 

from, 89. 
Colza on, 73. 
Conia, 123, 128, 185tol38^ 140, 142 to 

145, 149. 
Conyolyulic Add, 100. 
ConvolYulin, 100, 108. 

Separation from Gkunboge, 98. 
ConyolTulinoL 100. 
ConvolTulinolic Add, 100. 
Copaiba Oil, 107, 108. 110, 118. 114. 
Copaiba Resins and Balsam, 96. 
CopaiYic Add, 96. 
Copal, 96, 103. 
Coriander OiL 107, 118. 
CottouHseed ^ 73, 76, 81. 
Creosol, ^ 
Creosote, 13^ 116. 
Cresylic Acid, separation of Fhenio 

from, 48, 60. 
Croton Chloral Hydrate, 184. 

011,78,77. 
Cubebin, 135 to 138, 145^ 154, 156. 
Cubeb Oil, 107 to 110. 
Cumidin, 120. 
Cummin Oil, 107, 108. 
Curarin, 136, 137, 142, 145, 146, 147. 
Cymidin,120. 
Cytisin,142. 

Damkara (Dammaran, etc), 96^ 103. 

Daphnin, 125^ 128, 148. 

Daturia--see Atropia. 

Delphina, 125, 128, 135 to 138, 141 to 
145, 149, 150. 

Dextrin, 18, 162. 

Dextrose— see Oluoosa 

Dextrotartaric Add, 18. 

Dialysis of Alkaloids 131, 134. 

Digitaleic Add— see Digitalic Add. 

DigitaUc Acid, 13, 2G. 

Digitalin, 125, 127, 128, 135 to 139, 141, 
143 to 145, 149, 150. 

Digitoleic Add— see Digitalic Add. 

ImB Oil 107, HI. 

Distillation, Fractional, 66. 

Dragendorff's Method with Alka- 
loids, 13L 134, 136. 

Dragon's Blood, 97, lOa 

EI4AIDIN, formation of, 75 
ElBBoptenes, 104. 
Elaterin, 136, 145^ 154, 156. 
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Emetda, 136, 1^135 to 188, 141, 143, 

Bmolaions, formation of, 74. 
Ergotma, 125, 128, 141, 145. 
Erucic Acid. 13, 70. 
Essenoe of MirbaDe— eee Nitroben- 

zole. 
Ether, IS. 179. 
Ethers, OomponncL 18. 
Ethylic Alcohol, m 
Ethyl Sulphates, 177. 
Bucalyptos Oil, 107, 100, 118. 

Fatty Adds, 18. 

Separation from Neutral I^ts, 

Kon-volatile, 08. 

Volatile, 67. 
Fats, 7a 

Fennel Oil, 107, 108, 108, 113. 
Ferric Chloride, as Reagent for Al- 
kaloids, 14& 
Fixed Oils, 72. 
Formic Add, 18, 55, 60. 75. 

Ether, formation of, 56. 
Fractional Crystallization, 68. 

Fusion, 71. 

Saturation and Distillation, 66. 
Frankincense, 102. 
Fraxin, 154, 156. 
FrOhde's Reagent^ 144. 
Fuchsin, 120. 
Fusel-Oil, 185. 

Fustic, separation of Horintannic 
Ada from, 85. 

Galanqal Oil, 107. 
Galbanum Oil, 107. 
Gallic Add, 18, 90. 
Gallotannic Add, 28. 
Ghimboge, 97. 

Rein of, 97, 108. 
Ghimbogic Add, 18^ 41, 97. 
Gasolene, 119. 
Gelatin, 18, 160. 
Gentianic Add, 1S» 39. 
Gentianin--see Gentianic Add. 
Gentian Root, separation of G^en- 

tianic Add m>m, 40. 
Gtotisic Add— see Gtotianic Add. 
Gentisin—see Gentianic Add. 
Geranium Oil, 107, 118. 
Glucose, 168. 

Glucosides (with Alkaloids), 125. 
Glue--see Gelatin. 

Glyceric Add, resemblance to Lac- 
tic, 58. 
Glycerin, 18, 85. 

Determined in Soap, 91. 



Graham and Hofmann's Method, 18L 

134. 
Grape-seed OiL 72. 
Grape Sugar, 168. 
GuaiaooL 116. 

Guaiac Kesln. Separation from Gam- 
boge, 98, 103. 
Guaiacum, 98^ 103. 
Guaiaretin, formation of, 98. 
Gum. 18. 161. 

Arabic, 161. 

Trag^acanth, 162. 
Ghmi-resins, 93. 
Gun Cotton— see Nitrocellose. 

Hagsb's Method with Volatile Oils, 

111. 
Hazel-nut OiL 78. 
Hemp Resin, 98, 103. 
HempHseed Oil 72, 77, 80, 81. 
Hesperidin. 145. 
Hippuric Acid, distinguished from 

Benzoic, 43. 
Hop Oil, 107, 109. 




IGASTTBIA, 125. 128, 188, 145, 147, 14a 

Incense— see Olibanum. 

Indian Hemp— see Hemp Resin. 

India Rubber— see Caoutchouc 

Indigo Blue, 99, 103. 

Iodine Solution, as Reagent, 189, 144. 

Iodoform, 18, 177, 184. 

Jaulp Resins, 99. 
Jalapic Add, 100. 
Jalapin, 99, 108. 

Separation from Gamboge, 96. 
JalapinoL 100. 
Jalapinolic Add, 100. 
Jasmin OiL 107. 
Juniper Oils» 107, 108, 109, 118, 114. 

Ejnio Add— see Quiaic Add. 
Kinotannic Add, 88. 
Kinovic Add— see Quinovic Add. 
Kinovin— see QuiuoYic Add. 
KuphaniUn, 120. 

Lao (resin). 100, 108. 
Lactic Add, 18, 53. 
Lactoscope, Vogel's, 84. 
Lactose, 171. 
Lactudn, 154,156. 
Lard, 74. 

In Butter, 88. 

Oil, 73, 7di 78, 80, 8t 
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Lanrio Aeid, 18, 70. 

Layender m, 107, 108, 110, IIS, 114. 

Lead Salts of Adds separated, 69. 

Leather. 161. 

Lemon Oil, 107 to 110, 118, 114. 

Limonin, 145. 

Linoleic Add, 13, 60. 

Liquid Non-Yolatile Acid, 53. 

VolatUe Adds, 56. 
Liquids, Preliminary Examination 
^12. 

Maob, 107. 100, lis. 
Magenta, 121. 

MaiBcb's tests for Volatile Oils, 110. 
Marjoram OIL 107, 100, 113. 
Malic Add. 1^ 22. 
ICannite, 174. 
Mastic, 101, 103. 
Masticin, 101. 

Mayer's tests with Volatile Alka- 
loids, 121 
Meconic Acid, 13, 24. 
Meconin, 145. 
Metachloral, 183. 
Metapectic Add, 167. 
Metapectin, 167. 

Metatungstic Add, as Reagent, 141. 
MethyUc AloohoL 18, 174. 
Milk Albumen, 150. 

Commercial Examination of, 160. 

Determination of Fats in, 84. 
Casein in, 169. 

Quantitative Analysis of, 160. 

Sugar— see Lactose. 
Mirbane, lissence o f ooo Kitroben- 

zole. 
Molybdate, as Reagent, 141. 
Monophenylamin-Hsee Anilin. 
Morintanmc Acid, 13, 28, 35. 
Morphia, 126 to 128, 136 to 139, 141 to 

145, 147 to 150. 
Mustard Oils, 73. 
Myristic Add, 13, 70. 

AlcohoL 95. 
Myrrh Oil, 107. 

Resin, 101, 103. 

Separation of , from Gainboge,98. 

Kabceina, 126 to 128, 136 to 138, 141 
to 150. 

Karootina, 126 to 128, 135 to 138, 140 
to 145, 147 to 149. 

Nicotia, 133, .124, 128, 135 to 138, 
141 to 145, 148, 149. 

Nitric Acid, as Reagent for Alka- 
loids, 147. 

Nitrite of Amyl, 186. 
Ethyl, 180. 



Nitrobenaolo, 13, 112, 119. 
Nitrocellulose, 168. 
Nitrogenous Neutral Bodies, 157. 
Nitrophenic acid, 13, 49, 51. 
Nitrous Ether, 180. 
Non-drying Oils, 73, 75. 
Non-YolatUe Alkaloids, 125. 

Fat Adds, 68. 
Nutmeg Oil, 107, 111, 114. 

OBirAHTEnro Add, 67, 68. 
Oenanthylic Acid— see Oenanthyc 
OilBLFixei, 13, 72. 

\rolatile, 18, 104. 
Oleic Add, 13, 69. 
Oleo-resins. 93. 
Olibanum (resin), 102. 
OUve OiL 7% 1% Ti, 80, 8L 
Ononin, 145. 

Opiania, 126, 127, 129, 148. 
Opianyl— see Meconin. 
Opium, Separation of Meconic Add 

from, 24, 25. 
Orange Flower Oil, 107, 109, 118. 

Peel Oil, 107, 109, 110, 113, 114. 
Organic Compoundsi denmuned as 

such, 11, 12. 
Origaoum Oil, 107. 
Otto-Stas' Method with Alkaloids. 

130, 131. 
Ovalbumen, 158. 

PALMino Acid, 13, 70. 
Piqxaverina, 126, 127, 129, 135 to 138, 

141 to 145, 149, 150. 
Paracumaric Add, formation of, 03. 
Parapectic Add, 166. 
Parapectin^66. 
Parmelia Parietina, Chrysophanic 

Acid from, 41. 
P&rsley OiL 107, 109, lia 
PatchouU Oil, 110. 
Paytina, 126, 129, 138. 
Pectio Acid, 166. 
Pectin, 13, 166. 
Pectose, 166. 
Pectous Substances, 166. 
Pelargonic Add, 67, 68. 
Peppermint OH, 107, 109,^11, 112^ 

114, 115. 
Pepper Oil, 107, 114. 
Peru Balsam, 102. 108. 
Petroleum Naphtha, 13, 119. 
Phenic Acid^. 
Phenol — see Phenic Add. 
Phenylamin — see Anilin. 
Phenylic Alcohol — see Phonic Add. 
Phenyl Sulphuric Add— see Sulpho- 

phemc 
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FhloricUdn, 145, 155, 156. 
Fhotphomolybdio Acid, as Reagent, 

FhvBOstigmiai ld6, 129, 135, 136^ 138, 
141 to 145. 148, 150. 

Picramic Acid, 62. 

Picric Add, as Reagent, 139. 
See Nitrophenic Acid. 

Ficrotoxin, 126, 127, 129, 136 to 138, 
146. 

Pixnaric Add-Hsee Colopholic Acid. 

Pimento OiL 107. 

Pinic Add, in Ck>lophony, 96. 

Piperidit- 141. 

Piperinri26, 129. 134^ 136^ 137, 188, 
l4l to 145, l47. 

Flatinic Chloride, as Reagent for 
Alkaloi<i^ 148. 

Podophyllum Recdn, 10% 103. 

Popiiy-seed OiL 72, 77, 78, 80. 

PopaUn, 137, 145, 155, ISd 

Potaasio Mercuric Iodide, as Re- 
agent, 180. 
Gacunic Iodide, as Reafi;ent, 141. 

Propylamine- see Irimethyuimia. 



Pseudomorphia, 126, 127, 129, 138, 

142,145,148. 
Pyrogallio Add, IS, 33. 
Pyrogalline— IVrogallol— see Pyro- 

gallic Acid. 
PjrTQzyllon— see Nitrocellulose. 

QuASSiir, 155, 156. 

Querdtannic Add, 27, 28. 

Quioia, 126. 129, 185 to 188, 140 to 

142, IH 1^ 148, 149, 150. 
Quinio Acid, 13, 36. 
Qninidia, j^ 129, 135, 136, 138, 140, 
141, 142, 145. 140, 151. 

lone. Formation of, 87. 

lotannio Acid, IS. S»3, 33. 

Lovic Add, 1& 3d. 

ioTin«-flee Quuiovic Add. 

Raosmio Add, 13, 18. 




OU, 78, 76, 78, 80, 8L 
Resinifled Oils, 105, 115. 
Resins, 13, 92. 

Determined in Soaps, 90. 
Roeadia. 126, 129, 188. 
Rhubaro, Chrysophanic Add from, 

41. 
Ridnoldo Add, 13, G9. 
Rodgers and Girdwood's Method, 

130, 132. 
Rosanilin, 121. 

Rosemary Oil 107, 109, 111, 113, 114. 
Rose Oil, 1077109, 111, 113, 114. 
Rosewood Oil, 107. 



Rosin OiL 96. 

Rue Oil, 108, 109, 111, 118. * 

Sababilua, m 129, 142, 148. 
Sabadilla Seeds, Veratric Add from, 

47. 
Saccharose — see Sucrose. 
SaUcin, 126, 129, 136, 137, 138, 145. 
Salicylic Add, lOr. 
Sandarac, 102, IOC 
Sanguinarin, 142. 
Sfm&lio Add, 13, 42. 
Santalin^see Santalic Add. 
Santonin, 137. 

Saponificatioii, Means of, 75w 
Saponin, 126, 129, 188. 
Saroolactates, 54. 
Sarsaparillin, 146, 156. 
Sassafras OiL 108. 109, 110. 
Saturation, FractionaL 6('. 
SaYine Oil, 108, 109, 114. 
Scammonin-HMe Jalapin. 
Scammony, 102. 
Seal Oil, A. 

Secalin— see Trimethylamia. 
Senagin, 146. 

Senna Resin. Separation from Gam- 
boge, 98. 101 
Separation of Acids, as Lead Salts, 
59. 

Alkaloids from other matters,180. 
each other, 156. 
Glucoddes, 156. 

Fixed Oils, 85. 

Nan-YoUitiie Fat Adds, 71. 

Resins, 108. 

Solids from Liquids, 12. 

VolatUe Fat AddsTw, 68. 

VolatUe Oils, 106. 
Seralbumen, 158. 
Sesame OiL 73, 76, 80, 81. 
Shell Lac, 101. 
Soaps,- 13, 87. 
Soli^ 126, 127, 129, 136, 138, 141 to 

145, ift. 148, 161. 
Solids, Preluninary Examination 

of, 11. 
Solid VolatUe Adds. 42. 

Kon-volatile Adds, 14. 
Soluble Stardi, 164. 
Smiladn, 146. 
Spermaceti, 74 
Spearmint Oil, 108, 110. 
Spirit of Nitrous Ether, 180. 
Starch, 13, 164. 
Starch Sugar— see Glucose. 
Stas and Otto's Method with Alkai 

loids,130. 
Stearic Add, 18, 70. 
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d. Chloroform readily reduces the hot potasiio onprie solu- 
tion (distinction from chlorcethylidene and from alcohol). 

e. Chloroform may be separated from slight mixtures of 
Ether, Alcohol, water, etc., as follows : To 10 parts of the impure 
chloroform, add 2 parts of concentrated sulphuric acid, and shake 
together occasionally for 24 hours. Remove the upper layer, 
add to it ^ part of (crystallized) carbonate of sodium previously 
dissolved in 1 part of water, agitate and digest (cold) for half an 
hour, then remove the lower layer and distil it from ^ part of 
freshly-burned lime. — Distillation from dry calcium chloride 
separates chloroform from alcohol. — ^To separate from Ethe- 
real Oil (ethyl and ethylene sulphates), distil from animal 
charcoal. 

198. CHLORAL HYDRATE. C,HC1,0.H,0. ChaTOO- 
terized by its sensible and physical properties (a), and its forma- 
tion of chloroform (b), and of chloralide (c). It has, with alkalies, 
considerable reducing power ((/). Separated from chloral alco- 
holate by its slight solubility in cold chloroform and its greater 
solubility in cold water. — Estimated from the amount of chloro- 
form it produces {e). 

a. A friable solid, crystallizing from solvents in transparent 
rhomboidal crystals, or congealing in a white crystalline mass, 
melting at about 60° C. (140° F.) and boiling at 95° C. (203° F.) 
—(the Alcoholate boils at 116° C). It slowly sublimes, in the 
bottle, at ordinary temperatures. It is neutral in reaction, and 
of an aromatic, penetrating, and slightly acrid odor, and bitter, 
caustic taste. Melted in a spoon, over the flame, it does not take 
fire (distinction from the alcoholate). — It is slightly deliquescent, 
readily soluble in 1^ parts of water (the alcoholate dissolves 
sparingly in cold water) ; soluble in alcohol, ether, benzole, 
petroleum naphtha, bisulphide of carbon ; slightly soluble in cold 
chloroform (the alcoholate freely soluble). It forms liquid mix- 
tures with camphor, and with phenic acid, and a crystalline 
mixture with glycerin. 
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h. Fixed and volatile alkalies^ and their carbonates, in solu- 
tion, decompose chloral hydrate — the chloroform subsiding from 
the milky mixture. 

C,Ha,O.H,0+KHO = CHa,+KCHO,+H,0 

(100 parts chloral hydrate producing 72.2 parts of chloroform.) 
(Trichloracetic acid, also decomposed by alkalies into chloroform 
and formate, has an acid reaction, and boils at 195^ C.) 

c. Concentrated snlphuric acid separates, from about an 
equal weight of chloral hydrate, anhydrous chloral — the latter 
rising to the surface, as a pungent and irritating oily liquid, of 
spec. grav. 1.5. — Chloralide is formed when chloral hydrate (con- 
centrated, if necessary, by distillation from chloride of calcium) 
is heated with about six times its volume of concentrated sulphuric 
acid, at 125° C, for some time. When cool, the mixture is 
diluted with six measures of water, and, if carbonized at all, 
extracted with ether. On evaporating the ether the chloralide 
(C^H,C1,0,) crystallizes in stellate groups of prisms (or in 
needles) which melt at 116° C. and bum at 200° C. with 
a green-edged flame. — In certain conditions, sulphuric acid 
changes chloral into metachloral (insoluble in water, alcohol, 
or ether). 

d> Chloral hydrate, in the act of decomposition by ammonia, 
promptly reduces nitrate of silyer as a specular coating. — 
Aqueous solution of pure chloral hydrate does not within a few 
minutes perceptibly decolorize the permanganate of potassium 
solution, and does not at all affect argentic nitrate. — ^The potassio 
cupric solution is reduced by chloral according to 197, d. 

Qiiantitatiye. — e. Take 10 grams of the chloral hydrate, 
dissolve in the least quantity of water, and add, in a graduated 
tube holding 20 c.c, ammonia enough to be a slight excess for 
the absolute chloral hydrate taken, according to the equation in h 
(5 c.c. of water of ammonia of spec. grav. 0.90). Stopper tightly 
in the tube, which should be nearly filled by the liquid, and leave 
until the subsident layer no longer increases — four to twelve 



176 ALCOHOLS. 

0.0. of the liquid examined, in a retort of 60 c.c. capacity, with 
2 grams of powdered bichromate, 15 c.c. of water, and 25 drops 
of sulphuricf acid— digesting fifteen minutes and then distilling 
15 c.c. 

f. In the diatUlatiim of methylic alcohol, add a little animal 
charcoal and a little solution of sodic carbonate, and receive the 
distillate at 66° to 76° C. (151° to 169° F.) 

QiiantitatiYe. — ^. Place in a retort 55 grams crystallized 
oxalic acid and the mixture of 35 grams of concentrated sul- 
phuric acid and 25 grams of distillate J^, digest for ten hours, and 
distil from an oil- bath at 160° to 180° C, as long as anything 
passes over. The distillate consists of oxalic ethers ; methyl 
oxalate being freely soluble in water, while ethyl oxalate is 
nearly insoluble. The distillate is now washed with 25 times 
its volume of water ; the clear solution decanted, digested, in a 
close bottle, with excess of potassa, the mixture acidulated with 
acetic acid and precipitated with calcium chloride (adding potassic 
acetate). Gather the oxalate of calcium, wash, dry, and ignite 
to carbonate (adding ammonium carbonate and igniting slightly 
again, if necessary). GaCO, : 2CR fi ; ; 1 : 0.64. 

192. ETHYUC ALCOHOL. C,H,0. Characterized by 
its physical and sensible properties (a) ; by the extent of its 
reducing power (b) ; by its formation of iodoform (c) ; of various 
compound ethers (d), and of acetic acid (c). — Separated by 
fractional distillation, solubility in water, and insolubility in 
fixed oils. Separated from methylic alcohol as an oxalic ether 
(191, ^), from amy lie alcohol by solution in water or by frac- 
tional distillation. — Determined by the specific gravity or by the 
boiling point of its mixtures with water. 

a. A transparent, limpid liquid, of spec. grav. 0.794, freezing 
at -95° C. and boiling at 78° C. (173° F.), of an agreeable and 
pungent odor and a sharp and burning taste. It is miscible with 
water, ether, chloroform, benzole, petroleum naphtha, volatile 
oils and castor oil, and dissolves resins and camphors. 
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}. Alcohol — as a hot liquid or as vapor— slowly reduces 
chromic acid, or a mixture of potassic bichromate and sulphuric 
acid — the alcohol being first oxidized to acetic acid. (This is in 
common with aldehyde, acetic acid, formic acid, and many 
volatile organic bodies.) Fermangaiiate of potassium is but 
slowly reduced by ethylic alcohol — so that the red tinge of a 
slight addition of a -j-oVir solution is scarcely at all affected for 
several minutes. (Methylic alcohol, Formic acid. Aldehyde^ 
and many other volatile organic bodies, more readily reduce the 
permanganate. ) 

c. The production of iodoform from alcohol is a result (in 
part) of the reducing power of the latter upon alkaline iodate : 

6KH0+6I=5KI+KI03+3H,0 
KIO,+C,Hp+2I=:CHI,+KCHO,+2H,0 

Take 3 to 5 c.c. of the distillate to be tested, 5 to 6 drops of a 
10 per cent, potasaa solution ; warm to 100° or 120° C. (212° to 
248° F.), and add — of a solution of potassic iodide in five parts 
of water, saturated with iodine — until the liquid is brownish- 
yellow. If, on agitation, the color does -not disappear, add one 
or two drops of the potassa solution. If alcohol is present, the 
iodoform appears, sooner or later, in yellow scaly particles. 
With a power of 200 to 400 diameters, these are seen as hexa- 
gonal stars and rosettes. Iodoform is formed also by Aceton, 
Aldehyde, Acetic ether. Butyric alcohol, Amylene. Not formed 
by Ether, Amylic Alcohol, Chloroform, Chloral, Chloral Hydrate, 
and, according to Lieben, not formed by Methylic alcohol. 

d. See under Acetic acid, 40, 5, and Butyric acid, 41, h 
(One c.c. of the distillate to be tested is treated with 0.3 to 0.5 
gram of dry potassic acetate and 2 or 3 c.c. of sulphuric acid.) 

e. Acetic acid is formed from alcohol by digestion with a 
mixture of bichromate of potassium and dilute snlphnric acid, or 
of permanganate of potassium and dilute sulphuric acid. See 40. 

198. ALDEHYDE. CgH^O. Acetic Aldehyde. — A trans- 
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parent and colorless liquid, of spec. grav. 0.800 at 0^ C, distiUr 
ing at about 21° C. (70** F.), neutral in reaction, of a pungent 
and suffocating odor, slightly resembling that of apples. The 
vapor irritates the eyes. — It is miscible in all proportions with 
water, alcohol, and ether, but not with aqueous chloride of cal- 
cium (separation from Alcohol). It dissolves sulphur, phos- 
phorus, and iodine. — It promptly red/ucea ammonio nitrate of 
silyeri forming a specular coating on the glass (distinction from 
Acetic acid, Alcohol, Ether). It bums readily, with a blue 
flame. It is blackened by snlphmio acid. — Fotassa solution, 
warmed with aldehyde, colors it brown, with deposition of " alde- 
hyde resin " and formation of acetate and formate (a character- 
istic test). Ammonia (gas) with aldehyde forms aldehyldate of 
ammonium, a compound of an ammoniacal, terebinthinate odor, 
crystallizing (from ether or alcoholic ether) in transparent acute 
rhombohedrons, melting between 70° and 80° C, and distilling 
at 100° C. It dissolves in water, sparingly in alcohol and ether. 
With other bases aldehyde acts as a monobasic acid, exchanging 
one atom of its hydrogen. 

194. SUIiPHETHYIiATES. HC.H.SO,. Ethyl-sulphates. 
— Sulphethylic acid is a limpid, oily, acid liquid^ of spec. grav. 
1.315, decomposed by heat, evolving ether at 130° to 140° C. 
(266° to 284° F.)— It is ioluhle in water and alcohol, not in 
ether. — ^Its metallic salts are all soluble in water, and are mostly 
soluble in aqueous but not in absolute alcohol, the ammonium 
salt only is soluble in ether. The sulphethylates are gradually 
decomposed in boiling water. Barium sulphethylate crystal- 
lizes in permanent monoclinic prisms, with 2H,0 which is ex- 
pelled in a vacuum, the anhydrous salt bearing 100° C. without 
change. It dissolves in about one part of water, and in a larger 
quantity of aqueous alcohol. The sodium salt crystallizes in 
slightly efflorescent hexagonal plates, with H,0, soluble in less 
than one part of water, melting at 86° C. When anhydrous, it 
bears 100° C. without change. 
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195. ETHEB. (C,HJ,0. Recognized by its sensible and 
physical properties (a). /Separated by distillation, or by solu- 
tion (b). 

a. Spec, grav.y at 15° C, 0.713 ; at 17.5° C, 0.7185. Boil- 
ing point, 35° C. (95° ¥.) Ether of spec. grav. 0.728, and 
boiling at blood heat, has from 5 to 6 per cent, of about 90 per 
cent, alcohol ; that of spec. grav. 0.750 has about 25 per cent, 
of 88 per cent, alcohol.— At 17.5° C. (63.5° F.), one part of 
ether dissolves in 12 parts of water, and 35 parts of ether dis- 
solve one part of water. Alcoholic ether is more soluble in 
water : 

" Ether " of sp. gr. 0.719 to 0.721 dissolves in 12.0 parts water. 

« « « 0.724 " 0.726 « « 10.0 « " 

« " « 0.729 « 0.731 " " 7.7 " « 

« " " 0.733 « 0.735 « " 6.2 " « 

« " « 0.738 " 0.741 « « 5.0 " " 

« « « 0.743 " 0.746 " " 4.3 « « 

" « « 0.748 « 0.750 « « 3.8 « " 

Salts not soluble in ether (as dry potassio. carbonate) separate 
it from water almost wholly. Ether is miscible in all propor- 
tions wit)? alcohol, chloroform, benzole, petroleum naphtha, fixed 
and volatile oils, and dissolves resins, lulphur, phosphorus, 
iodine, and ferric, mercuric, and auric chlorides. Tannic acid 
dees not dissolve or deliquesce in a^solste ether, but deliquesces 
ir. the "stronger ether" of spoc grav. 0.728. Ether is less 
f.oluble in glycerin than in water/ It mixes with concentrated 
sulphuric acid, the liquid turning brown when wairmed.— In the 
air, ether very slowly oxiaizen to acetic acid. Its combustibility 
renders it necessary tu ase strict precautions in the manipulation 
•)f its vapor. 

5. Ether is j^j^prox'Tnately separated from alcohol by means 
of glycerin (or wa*er). A test-tube of over 20 c.c. capacity is 
fvfidu^tefj. from the point of 10 c.c. contents (marked 0) to the 
poip* o<* 20 c.c. contents (marked 10), Ten c.c. of glycerin or. 
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6. Sulphuric acid of about 1.5 or 1.6 spec, grav., acting for a 
very short time on cellulose (unsized paper), changes its state of 
aggregation so as to form parchment-paper. 

e. Concentrated sulphuric acid, in the cold, slowly dissolves 
(thoroughly dry) cellulose to a colorless syrup, which closely 
resembles dextrin. It is, however, colored blue, or after stand- 
ing some days in the acid, violet to brown, by iodine. The name 
amyloid has been applied to this substance. If it is now, after 
several days' contact of the acid, diluted with 30 or 40 parts of 
water and boiled (until a portion is not precipitated by strong 
alcohol), it is wholly converted into glucose. 

d. Nitric acid of spec. grav. 1.5, or a mixture of nitrate of 
potassa 2 parts and concentrated sulphuric acid 3 parts, at a tem- 
perature below 50° C. (122° F.), converts clean, dry cotton wool 
(finely divided cellulose), by 24 hours' contact, into nitroceUtdose. 
This is washed first with cold water, then with hot water, lastly 
with alcohol and dried at ordinary temperature. 

186, NiTRocKLLULosK, Pyroxylon, or Gun Cotton is the sub- 
stitution of (N'Oj)^_, for Hg_^ in C^^^fi^^ — , the lower substi- 
tutions being most soluble in ether, the higher substitutions being 
most explosive. It is more readily soluble in alcoholic than in 
pure ether — formation of Collodion. It is not attacked by dilute 
acids or alkalies : strong sulphuric acid dissolves it slowly, strong 
alkalies dissolve it with decomposition. — ^The residue from collo- 
dion is unchanged pyroxylon, in a firm and elastic mass, capable 
of being moulded at about 140° C. 

187. GLUCOSE. C,H„0,.H,0. Grape sugar. Starch 
sugar. Dextrose. — Characterized by its physical properties and 
solubilities (a) ; its rotation of polarized light {b) ; its reactions 
with potassa (o) and, as a reducing agent, with potassio cupric 
solutions {d), cupric acetate (c), ferricyanide of potassium (^), 
ammonio silver nitrate (g), bismuthic subnitrate (A), and molyb. 
date of ammonium (^). It precipitates ammoniacal acetate of 
lead (J), and reacts with stannic chloride and cobaltous hydrate 
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{k), — From Sucrose, it is distinguished by a stronger reducing 
power (dj 6, /, g, i), by not blackening with concentrated sul- 
phuric acid (189, c), but turning brown with potassa solution (c). 
— Fr<ym Lactose, it is distinguished by stronger reducing power 
(e, i)j less soluble precipitate with ammoniacal acetate of lead 
(y), and by not blackening with concentrated sulphuric acid. — 
From JFHcctose, it is separated by crystallization, and distin- 
guished by contrary rotation (J). — It is separated from Dextrin, 
Soluble Starch, Gums, the Pectous substances save metapectic 
acid, Gelatin, and Albumenoids, by solution in 90 per cent, 
alcohol (a) ; from Fats, etc., by insolubility in ether. — It is 
determined by the volumetric solution of potassio cupric salt 
(Z), or by the polariscope (5), or by fermentation (m). 

a. Glucose crystaUizes, with some difficulty, in warty or 
cauliflower-like masses, hydrated ; but from strong alcohol, in 
anhydrous needles. At 60° C, the hydrate becomes an anhy- 
drous, white powder; at 100° C, the hydrate melts to a trans- 
parent mass ; but the anhydrous glucose melts at 130° C. For 
weighing, it should be well dried at 60° C, then at 110° C. 
(without melting). — Glucose is soluble in a little more than one 
part of cold water ; a saturated solution having a spec. grav. 
1.206 and containing 45 per cent, of anhydrous glucose. Dilute 
alcohol dissolves it freely ; 100 parts of 90 per cent, alcohol dis- 
solve 2 parts in the cold, 20 parts with boiling;^ in cold, absolute 
alcohol it is scarcely at all soluble. Insoluble in ether, chloro- 
form, oils ; soluble in 60 parts hot amylic alcohol ; soluble in 
methylic alcohol. 

J. Anhydrous glucose has a specific rotatory power of 55° 
(Pasteur) to the right. 

c. Potassa, or milk of lime, when warmed in solution of 
glucose, causes a reddish-yellow to brown color with deposition 
of a humus-like substance (distinction from Sucrose), 

d. The test for reduction of cupric hydrate to cuprous 
hydrate in presence of alkali may be made by adding a drop or 
two of cupric sulphate solution and then an excess of potassa, or 



170 CABBOETDBATSa. 

by use of enough of the standard solution specified in k to tinge 
the test-liquid bluish. At a gentle heat (short of boiling) glu- 
cose throws down the brownish-yellow precipitate of cuprous 
hydrate, changed by boiling to a brownish-red precipitate of 
cuprous oxide. Without heat, the reduction occurs after standing 
some time. (Compare Sucrose, ft.) 

e. Solution of onprio acetate is reduced by glucose on boil- 
ing (distinction from Sucrose and from Lactose — ^the latter effect- 
ing a slight reduction after long boiling). 

y. Eerricyanide of potassiiim (1 part) in solution with 
potassa (^ part), at 80^ to 100^ C, is reduced by glucose to ferro- 
cyanide. The reduction is shown by loss of color, and by a 
blue precipitate with ferric salt. (Distinction from Sucrose and 
from Dextrin.) 

g. Boiling solution of glucose, separates silver (black) from 
nitrate of silver; more readily blackens the recent oxide of 
silver, and gives a dirty gray precipitate in solution of ammonio 
nitrate of silver (the latter a means of distinction from Sucrose). 

A. Basic biimuthic nitrate, with carbonate of sodium, is 
reduced by boiling solution of glucose, with precipitation of bis»- 
muthous oxide as a dark gray sediment. 

i. Solution of molybdate of ammoninm, at boiling heat, is 
reduced by glucose, with formation of the blue molybdic molyb- 
date (distinction from Sucrose, Lactose, and Dextrin). 

j, Ammoniacal acetate of lead solution is precipitated by 
addition of concentrated solutions of glucose, the precipitate dis- 
solving in excess of glucose solution, but appearing again on 
boiling in solutions not too dilute and remaining when cold. 

k. Stannic chloride blackens when warmed with glucose. — 
Vitrate of cobalt in concentrated solution of glucose is not 
colored by addition of solid potassa and boiling (with pure 
Sucrose a violet-blue precipitate is obtained). 

QuantitatiYe. — L Glucose is determined in its reduction of 
copper by use of a standard solution made as follows : 34.64 
grams pure crystallized cupric sulphate dissolved in 200 c.c 
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water, with 150 grams neutral potassic tartrate in about 500 e.c. 
of a 10 per cent, solution of soda (sp. gr. 1.14), the mixture 
diluted to 1 litre. 1 e.c. is reduced by 0.005 gram of (anhy- 
drous) glucose, or by 0.0067 gram of lactose.* The solution 
must not suffer change by boiling. The addition of bbout 100 
e.c. of pure glycerin (in the litre) prevents decomposition. 

The solution of sugar is diluted to such a number of times its 
own volume that it shall not be far from 1 per cent, glucose. Then, 
10 e.c. of the blue solution are taken in an evaporating-dish, 40 
or 50 e.c. of water added, and, while boiling, the graded sugar 
solution is added, until no blue color remains (after the precipi- 
tate has subsided or been filtered out). The quantity of sugar 
solution used contains 0.05 grams glucose, or 0.067 grams 
lactose. 

m. Pure sugar may be determined by fermmtation, in a 
Will's Fresenius' carbonic acid apparatus, as follows : In the first 
flask, of about 60 e.c. capacity, place 33.3 grams of the solution 
to be determined, and which is made of 5 to 10 per cent, strength 
of sugar. Add 0.3 gram tartaric acid and a small pinch of good 
pressed yeast, close the first flask (so that gas must pass through 
sulphuric acid in the second flask), and weigh the apparatus. Set 
aside at 30° to 35° C. (86° to 95° F.) for three days ; and weigh 
again. The weight of carbonic anhydride lost, multiplied with 
2.0454, gives the amount of anhydrous glucose, or of crystallized 
lactose, and, if multiplied by 1.9432; the quantity of sucrose. 
The results are not close, 

188, LACTOSE. C,H„0. (crystallized). Milk Sugar.— 
Characterized by its physical properties (a) ; its reactions as a 
reducing agent (&), and with acids and alkalies (c) ; with am- 
moniacal acetate of lead and with lime {d) ; and by its fermenta- 



* That is, 180 parts of glucose (Cf HisO« ), or 240 parts of lactose (^ of 
C« HisO« ), sixffloe to consume 40 parts of oxygen (2x0), reducing 1247 parts 
^CuSOiCEsO]) of copper salt And 180 : 1247 :: 5 : 84.64. 
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by use of enough of the standard solution specified in k to tinge 
the test-liquid bluish. At a gentle heat (short of boiling) glu- 
cose throws down the brownish-yellow precipitate of cuprous 
hydrate, changed by boiling to a brownish-red precipitate of 
cuprous oxide. Without heat, the reduction occurs after standing 
some time. (Compare Sucrose, h,) 

e. Solution of eupric acetate is reduced by glucose on boil- 
ing (distinction from Sucrose and from Lactose — the latter effect- 
ing a slight reduction after long boiling). 

/. Eerricyanide of potaasiiim (1 part) in solution with 
potassa (J part), at 80° to 100® C, is reduced by glucose to ferro- 
cyanide. The reduction is shown by loss of color, and by a 
blue precipitate with ferric salt. (Distinction from Sucrose and 
from Dextrin.) 

g. Boiling solution of glucose, separates silver (black) from 
nitrate of silyer; more readily blackens the recent oxide of 
silver, and gives a dirty gray precipitate in solution of ammonio 
nitrate of silver (the latter a means of distinction from Sucrose). 

A. Basic biimuthic nitrate, with carbonate of sodium, is 
reduced by boiling solution of glucose, with precipitation of bi*- 
muthous oxide as a dark gray sediment. 

i. Solution of molybdate of ammoninm, at boiling heat, is 
reduced by glucose, with formation of the blue molybdic molyb- 
date (distinction from Sucrose, Lactose, and Dextrin). 

j. Ammoniacal acetate of lead solution is precipitated by 
addition of concentrated solutions of glucose, the precipitate dis- 
solving in excess of glucose solution, but appearing again on 
boiling in solutions not too dilute and remaining when cold. 

k. Stannic chloride blackens when warmed with glucose. — 
Vitrate of cobalt in concentrated solution of glucose is not 
colored by addition of solid potassa and boiling (with pure 
Sucrose a violet-blue precipitate is obtained). 

QuantitatiYe. — L Glucose is determined in its reduction of 
copper by use of a standard solution made as follows : 34.64 
grams pure crystallized eupric sulphate dissolved in 200 c.c 
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water, with 150 grams neutral potassic tartrate in about 500 c.c. 
of a 10 per cent, solution of soda (sp. gr. 1.14), the mixture 
diluted to 1 litre, 1 c.c. is reduced by 0.005 gram of (anhy- 
drous) glucose, or by 0.0067 gram of lactose.* The solution 
must not suffer change by boiling. The addition of bbout 100 
c.c. of pure glycerin (in the litre) prevents decomposition. 

The solution of sugar is diluted to such a number of times its 
own volume that it shall not be far from 1 per cent, glucose. Then, 
10 c.c. of the blue solution are taken in an evaporating-dish, 40 
or 50 c.c. of water added, and, while boiling, the graded sugar 
solution is added, until no blue color remains (after the precipi- 
tate has subsided or been filtered out). The quantity of sugar 
solution used contains 0.05 grams glucose, or 0.067 grams 
lactose. 

m. Pure sugar may be determined by fermentationy in a 
Will's Fresenius' carbonic acid apparatus, as follows : In the first 
flask, of about 60 c.c. capacity, place 33.3 grams of the solution 
to be determined, and which is made of 5 to 10 per cent, strength 
of sugar. Add 0.3 gram tartaric acid and a small pinch of good 
pressed yeast, close the first flask (so that gas must pass through 
sulphuric acid in the second flask), and weigh the apparatus. Set 
aside at 30° to 35° C. (86° to 95° F.) for three days ; and weigh 
again. The weight of carbonic anhydride lost, multiplied with 
2.0454, gives the amount of anhydrous glucose, or of crystallized 
lactose, and, if multiplied by 1.9432, the quantity of sucrose. 
The results are not close, 

188, LACTOSE. C.H„0. (crystallized). Milk Sugar.— 
Charctcterized by its physical properties (a) ; its reactions as a 
reducing agent (&), and with acids and alkalies (c) ; with am- 
moniacal acetate of lead and with lime (d) ; and by its fermenta- 



* That is, 180 parts of glucose (Cf HisO« ), or 240 parts of lactose (| of 
Ce HisOe ), suffice to consume 40 parts of oxygen (2>^0), reducing 1247 parts 
^ Cu SOi [Hs O]) of copper salt And 180 : 1247 :: 5 : 84.64. 
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tions. — It is distinguished from Glucose by a somewhat weaker 
reducing power {h), a more sparing solubility in cold water or 
dilute alcohol (a), and by blackening with sulphuric acid (c) ; 
from Sucrose by greater reducing power {h) and insolubility in 
strong alcohol. It is determined volumetrically by the potassio- 
cupric solution (see Glucose, I), 

a. Lactose crystallizes in hemihedral trimetric crystals, hard 
and colorless, becoming anhydrous (C^Hj^Oj,) at 1 50° C, and 
turning brown without melting at 160° C. — It is sohihle in 6 
parts of water at ordinary temperature or 2J parts hot water, the 
cold saturated solution having a maximum spec. gray. 1.060, and 
is insoluble in cold absolute alcohol and in ether. 

h. The potassio cupric solution is reduced by lactose very 
nearly as readily as by Glucose (187, d and I ) (distinction from 
Sucrose) ; one-third greater quantity being required, however, to 
produce the same effect. — Solution of cupric acetate is only 
reduced very slightly and slowly by boiling with lactose (dis- 
tinction from Glucose). — ^Mplybdate of ammonium solution is 
scarcely changed in a perceptible degree by boiling with lactose 
(distinction from Glucose). — Ammoniacal nitrate of flilyer solu- 
tion is reduced by boiling with lactose (distinction from Sucrose). 

c. Concentrated sulphuric acid blackens lactose, rapidly 
when warmed (distinction from Glucose). — Potassa slowly turns 
lactose solution brown after heating to boiling point (distinction 
from Glucose). 

d, Ammoniacal acetate of lead solution gives but a slight 
precipitate, soluble in water and not reprecipitated on boiling. 
With milk of lime, not in excess, lactose forms a compound 
soluble in water, insoluble in alcohol. 

189. SUCBOSE. C„H„0„. Cane Sugar. Saccharose. — 
Characterized by its physical properties (a) ; its reactions as a 
reducing agent (J) ; its reactions with alkalies and acids (c), and 
with ammoniacal acetate of lead {d). From Glucose it is dis- 
tinguished as a less powerful reducing agent (5), by blackening 
with sulphuric acid or turning brown with potassa solution (c). 
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and by its reaction with cobalt {e)* It is distinguished from 
Lactose by weaker reducing power {b). It is approximately 
separated from Lactose by solution in cold water, and fully 
separated from Dextrin, Gums, Gelatin, and Albumenoids by 
solution in 90 per cent, alcohol. It is separated from Fats, 
Resins, etc., by not dissolving in (nearly absolute) ether. It is 
determined by volumetric solution of potassio copper salt, after 
being changed to glucose (c, and 187, Q, by the specific gravity 
of its pure water solutions, by its specific rotatory power as 
measured in the polariscope, and by fermentation as directed for 
Glucose, 187, m. 

a. Sucrose crystaUizea readily in monoclinic (rhomboidal) 
prisms, generally with hemihedral faces, and anhydrous. At 
160° C. (320° F.) it meUs to a clear liquid which solidifies to 
"barley sugar " ; at about 210° C. (410° F.) Caramel and other 
products are formed. — Sucrose is soluble in about ^ part of 
water; scarcely soluble in cold absolute alcohol, insoluble in 
ether, chloroform, benzole, etc. — Sucrose has a specific rotatory 
power of 73.8° to the right. 

h. Potassio cupric solution is at first not at all reduced by 
sucrose on warming, or even on digestion over the water-bath, 
but after boiling 5 or 10 minutes, a slight precipitate of cuprous 
hydrate appears, (distinction from Glucose, Lactose, and Dextrin). 
— rSolution of acetate of copper is not reduced by long boiling 
(distinction from Glucose). — ^Ferricyanide of potassium is not 
reduced to ferrocyanide by hot solution of sucrose (distinction 
from Glucose). — Stannic chloride is r reduced on warming, and 
chromate with excess of potassa on boiling, with sucrose, (reac- 
tions coinciding with those of Glucose and Lactose). — Ammonia- 
cal nitrate of silver solution is not reduced, though turned yel- 
lowish, on warming with sucrose (a distinction from Glucose). 
Recent oxide of silver with excess of potassa is blackened on 
boiling with sucrose. — ^Holybdate of ammonium (neutral solution) 
is unchanged by sucrose (distinction from Glucose). 

0. Sucrose is not readily colored by warming with solution 
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of potaaaa (distinction from Glucose). Lime forms a soluble 
compound with sucrose. — Concentrated snlplinric acid blackens 
sucrose on warming, with separation of carbon and evolution of 
sulphurous and formic acids (distinction from Glucose). — ^Dilute 
minreal acids (2 to 3 per cent.), boiled 10 to 15 minutes with 
sucrose, transform it irUo glucose. The same change is very 
slowly effected by long boiling in water, and with moderate 
rapidity by boiling with dilute vegetable acids. Also by the 
conditions of alcoholic fermentation. 

d, Ammoniacal solution of acetate of lead gives a white pre- 
cipitate (Pb,C,,HjgO„), scarcely soluble in cold but readily 
soluble in hot water. 

e. The blue to violet and rose-red precipitate made by add- 
ing potassa to nitrate of cobalt solution and boiling is scarcely 
altered by presence of sucrose, or held a little more in the 
violet. (In presence of Glucose, the mixture after boiling is 
colorless or brownish, but not violet or blue.) 

CABAMEL, A mixture of three compounds : 

Caramelane — brittle at ordinary temperatures, soft at 100° C, 
odorless and bitter ; deliquescent and very soluble in 
water, sparingly soluble in alcohol, insoluble in ether. 

Caramelene — brittle, freely soluble in water, not deliquescent, 
sparingly soluble in alcohol, insoluble in ether. 

Caramelin — ^black," shining, and infusible ; having three modifi- 
cations with different and varying solubilities. 

Caramel is precipitated by subacetate of lead solution ; and 
reduces potassio cupric solution. As generally prepared, cara- 
mel has a characteristic, " burned-sugar " odor. 

190. MAlOnTB. C,H,,0,. Crystallizes readily from solu- 
tion in thin, four-sided prisms ; melts at 160° C, and at 200° C. 
(392° F.) distils with little decomposition. It dissolves in 6 or 
8 parts of water of ordinary temperature, in 80 parts of 60 per 
cent, alcohol or 1400 parts of absolute alcohol or smaller quanti- 
ties of boiling alcohol, but is insoluble in ether. — ^It is not black- 
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ened by ocnifleiilrated sulphuric acid, or turned brown by boiling 
Willi potassa, and it does not reduce the potassio cupric sulphate 
solution. It is not subject to the alcoholic fermentation. 
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191. METHYIJC ALCOHOL. CH^. Recognized by 
its sensible and physical properties (a) ; its reaction with potassa 
and, as a commercial article, with sulphuric acid {b) ; by solution 
of recent mercuric oxide (c) ; by its reducing power {d), and its 
formation of formic acid (e). It is separated by fractional dis- 
tillation i^f). It is approximately determined as methyl oxalate 
(g) or as formic acid (^, and Formic acid J or k), 

a. Pure methylic alcohol is a colorless liquid, of spec. grav. 
0.800, boiling at 66° C. (151° F.), and of characteristic taste and 
odor. The commercial article is seldom free from empyreuma. 
It is miscible in all proportions of water, alcohol, and ether, and 
dissolves resins and nearly all substances soluble in ethylic 
alcohol. 

h. The addition of potassa^ with boiling by the heat of the 
water-bath, causes a brown color in a short time (Ethylic alcohol 
only after a long time). — Ordinary methylic alcohol gives a red 
to red-brown color with concentrated snlplmric acid. 

c. Add (to the distillate ^) 2 or 3 drops of very dilute solu- 
tion of mercnric chloride, then solution of potassa in excess, 
agitate and warm. If methylic alcohol is present, the mercuric 
oxide will be dissolved. 

d. Methylic alcohol readily decolorizes permanganate of 
potassium solution ; but does not reduce silver nitrate, or potas- 
sio cupric solution. 

e. Oxidation to formic acid is effected by distillation of 2 
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cc. of the liquid examined, in a retort of 60 c.c. capacity, with 
2 grams of powdered bichromate, 15 c.c. of water, and 25 drops 
of sulphuric? acid — digesting fifteen minutes and then distilling 
15 c.c. 

f. In the distillation of methylic alcohol, add a little animal ^ 

charcoal and a little solution of sodic carbonate, and receive the 
distillate at 66° to 76° C. (151° to 169° F.) 

QuantitatiYe. — ^. Place in a retort 55 grams crystallized 
oxalic acid and the mixture of 35 grams of concentrated sul- 
phuric acid and 25 grams of distillate y*, digest for ten hours, and 
distil from an oil- bath at 160° to 180° C, as long as anything 
passes over. The distillate consists of oxalic ethers ; methyl 
oxalate being freely soluble in water, while ethyl oxalate is 
nearly insoluble. The distillate is now washed with 25 times 
its volume of water ; the clear solution decanted, digested, in a 
close bottle, with excess of potassa, the mixture acidulated with 
acetic acid and precipitated with calcium chloride (adding potassic 
acetate). Gather the oxalate of calcium, wash, dry, and ignite 
to carbonate (adding ammonium carbonate and igniting slightly 
again, if necessary). CaCO, ; 2CELfi ; : 1 : 0.64. 

192. ETHYUC ALCOHOL. C,H,0. Characterized by 
its physical and sensible properties (a) ; by the extent of its 
reducing power (b) ; by its formation of iodoform (c) ; of various 
compound ethers (d), and of acetic acid (e). — S^fKirated by 
fractional distillation, solubility in water, and insolubility in 
fixed oils. Separated &om methylic alcohol as an oxalic ether 
(191, ^), from amylic alcohol by solution in water or by frac- 
tional distillation. — Determined by the specific gravity or by the 
boiling point of its mixtures with water. ' 

a. A transparent, limpid liquid, of spec. grav. 0.794, freezing 
at -95° C. and boiling at 78° C. (173° F.), of an agreeable and 
pungent odor and a sharp and burning taste. It is miscible with 
water, ether, chloroform, benzole, petroleum naphtha, volatile 
oils and castor oil, and dissolves resins and camphors. \ 
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5. Alcohol— as a hot liquid or as vapor— slowly reduces 
chromic acid, or a mixture of potassic bichromate and sulphuric 
acid — the alcohol being first oxidized to acetic acid. (This is in 
common with aldehyde, acetic acid, formic acid, and many 
volatile organic bodies.) Permanganate of potassium is but 
slowly reduced by ethylic alcohol — so that the red tinge of a 
slight addition of a yoVo* solution is scarcely at all affected for 
several minutes. (Methylic alcohol, Formic acid, Aldehyde^ 
and many other volatile organic bodies, more readily reduce the 
permanganate.) 

c. The production of iodoform from alcohol is a result (in 
part) of the reducing power of the latter upon alkaline iodate : 

6KH0+6I=5KI+KI0,+3H,0 
KI0,+C,H,0+2I=CHI,+KCH0,+2H,0 

Take 3 to 5 c.c. of the distillate to be tested, 5 to 6 drops of a 
10 per cent, potassa solution ; warm to 100° or 120° C. (212° to 
248° F.), and add — of a solution of potassic iodide in five parts 
of water, saturated with iodine — until the liquid is brownish- 
yellow. If, on agitation, the color does -not disappear, add one 
or tv7o drops of the potassa solution. If alcohol is present, the 
iodoform appears, sooner or later, in yellow scaly particles. 
With a power of 200 to 400 diameters, these are seen as hexa- 
gonal stars and rosettes. Iodoform is formed also by Aceton, 
Aldehyde, Acetic ether. Butyric alcohol, Amylene. Not formed 
by Ether, Amylic Alcohol, Chloroform, Chloral, Chloral Hydrate, 
and, according to Lieben, not formed by Methylic alcohol. 

d. See under Acetic acid, 40, J, and Butyric acid, 41, J. 
(One c.c. of the distillate to be tested is treated with 0.3 to 0.5 
gram of dry potassic acetate and 2 or 3 c.c. of sulphuric acid.) 

6. Acetic acid is formed from alcohol by digestion with a 
mixture of bichromate of potassium and dilute salphnric acid, or 
of permanganate of potassium and dilute sulphuric acid. See 40. 

193. ALDEHYDE. C,Hp. Acetic Aldehyde. — A trans- 
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tions. — ^It is distinguished from Glucose by a somewhat weaker 
reducing power (6), a more sparing solubility in cold water or 
dilute alcohol (a), and by blackening with sulphuric acid {c) ; 
from Sucrose by greater reducing power {h) and insolubility in 
strong alcohol. It is determined volumetrically by the potassio- 
cupric solution (see Glucose, t)» 

a. Lactose crystallizes in hemihedral trimetric crystals, hard 
and colorless, becoming anhydrous (Cj^Hg^Oj,) at 150° C, and 
turning brown without melting at 160° C. — It is soluble in 6 
parts of water at ordinary temperature or 2J parts hot water, the 
cold saturated solution having a maximum spec. grav. 1.060, and 
is insoluble in cold absolute alcohol and in ether. 

h. The potassio cupric solution is reduced by lactose very 
nearly as readily as by Glucose (187, d and I) (distinction from 
Sucrose) ; one- third greater quantity being required, however, to 
produce the same effect. — Solution of cupric acetate is only 
reduced very slightly and slowly by boiling with lactose (dis- 
tinction from Glucose). — Holybdate of ammonium solution is 
scarcely changed in a perceptible degree by boiling with lactose 
(distinction from Glucose). — ^Ammoniacal nitrate of ulver solu- 
tion is reduced by boiling with lactose (distinction from Sucrose). 

c. Concentrated sulphuric acid blackens lactose, rapidly 
when warmed (distinction from Glucose). — Potassa slowly turns 
lactose solution brown afler heating to boiling point (distinction 
from Glucose). 

d. Ammoniacal acetate of lead solution gives but a slight 
precipitate, soluble in water and not reprecipitated on boiling. 
With milk of lime, not in excess, lactose forms a compound 
soluble in water, insoluble in alcohol. 

189. SITCBOSE. C„H„0„. Cane Sugar. Saccharose. — 
Characterized by its physical properties (a) ; its reactions as a 
reducing agent (J) ; its reactions with alkalies and acids (c), and 
with ammoniacal acetate of lead {d). From Glucose it is die- 
tinguished as a less powerful reducing agent (J), by blackening 
with sulphuric acid or turning brown with potassa solution (c), 
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and by its reaction with cobalt (e). It is distinguished from 
Lactose by weaker reducing power (J). It is approximately 
separated from Lactose by solution in cold water, and fully 
separated from Dextrin, Gums, Gelatin, and Albumenoids by 
solution in 90 per cent, alcohol. It is separated from Fats, 
Resins, etc., by not dissolving in (nearly absolute) ether. It is 
determined by volumetric solution of potassio copper salt, afler 
being changed to glucose (c, and 187, Q, by the specific gravity 
of its pure water solutions, by its specific rotatory power as 
measured in the polariscope, and by fermentation as directed for 
Glucose, 187, m, 

a. Sucrose crystallizes readily in monoclinic (rhomboidal) 
prisms, generally with hemihedral faces, and anhydrous. At 
160° C. (320° F. ) it melts to a clear liquid which solidifies to 
" barley sugar " ; at about 210° C. (410° F.) Caramel and other 
products are formed. — Sucrose is soluble in about ^ part of 
water; scarcely soluble in cold absolute alcohol, insoluble in 
ether, chloroform, benzole, etc. — Sucrose has a specific rotatory 
power of 73.8° to the right. 

K Potassio cupric solution is at first not at all reduced by 
sucrose on warming, or even on digestion over the water-bath, 
but after boiling 5 or 10 minutes, a slight precipitate of cuprous 
hydrate appears, (distinction from Glucose, Lactose, and Dextrin). 
— rSolution of acetate of copper is not reduced by long boiling 
(distinction from Glucose). — ^Ferricyanide of potasBium is not 
reduced to ferrocyanide by hot solution of sucrose (distinction 
from Glucose). — Stannic chloride is r reduced on warming, and 
chromate with excess of potassa on boiling, with sucrose, (reac- 
tions coinciding with those of Glucose and Lactose). — Ammonia- 
cal nitrate of silyer solution is not reduced, though turned yel- 
lowish, on warming with sucrose (a distinction from Glucose). 
Recent oxide of silver with excess of potassa is blackened on 
boiling with sucrose. — ^Molybdate of ammonium (neutral solution) 
is unchanged by sucrose (distinction from Glucose). 

0. Sucrose is not readily colored by warming with solution 
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tions. — ^It is distinguished from Glucose by a somewhat weaker 
reducing power (6), a more sparing solubility in cold water or 
dilute alcohol (a), and by blackening with sulphuric acid {c) ; 
from Sucrose by greater reducing power {h) and insolubility in 
strong alcohol. It is determined volumetrically by the potassio- 
cupric solution (see Glucose, T), 

a. Lactose crystallizes in hemihedral trimetric crystals, hard 
and colorless, becoming anhydrous (Cj,H,,Ojj) at 150° C, and 
turning brown without melting at 160° C. — It is soluble in 6 
parts of water at ordinary temperature or 2J parts hot water, the 
cold saturated solution having a maximum spec. grav. 1.060, and 
is insoluble in cold absolute alcohol and in ether. 

b. The potassio cupric solution is reduced by lactose very 
nearly as readily as by Glucose (187, d and I) (distinction from 
Sucrose) ; one-third greater quantity being required, however, to 
produce the same effect. — Solution of cupric acetate is only 
reduced very slightly and slowly by boiling with lactose (dis- 
tinction from Glucose). — ^Molybdate of ammoniimL solution is 
scarcely changed in a perceptible degree by boiling with lactose 
(distinction from Glucose). — Ammoniacal nitrate of silyer solu- 
tion is reduced by boiling with lactose (distinction from Sucrose). 

c. Concentrated solphnric acid blackens lactose, rapidly 
when warmed (distinction from Glucose). — Potassa slowly turns 
lactose solution brown afler heating to boiling point (distinction 
from Glucose). 

d. Ammoniacal acetate of lead solution gives but a slight 
precipitate, soluble in water and not reprecipitated on boiling. 
With milk of lime, not in excess, lactose forms a compound 
soluble in water, insoluble in alcohol. 

189. SITCBOSE. Cj,H„0„. Cane Sugar. Saccharose. — 
Characterized by its physical properties (a) ; its reactions as a 
reducing agent {b) ; its reactions with alkalies and acids (c), and 
with ammoniacal acetate of lead {d). From Glucose it is dis- 
tinguished as a less powerful reducing agent (J), by blackening 
with sulphuric acid or turning brown with potassa solution (c), 
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and by its reaction with cobalt (e). It is distinguished from 
Lactose by weaker reducing power (b). It is approximately 
separated from Lactose by solution in cold water, and fully 
separated from Dextrin, Gums, Gelatin, and Albumenoids by 
solution in 90 per cent, alcohol. It is separated from Fats, 
Resins, etc., by not dissolving in (nearly absolute) ether. It is 
determined by volumetric solution of potassio copper salt, after 
being changed to glucose (c, and 187, t), by the specific gravity 
of its pure water solutions, by its specific rotatory power as 
measured in the polariscope, and by fermentation as directed for 
Glucose, 187, m, 

a. Sucrose crystallizes readily in monoclinic (rhomboidal) 
prisms, generally with hemihedral faces, and anhydrous. At 
160° C. (320° F. ) it meUs to a clear liquid which solidifies to 
" barley sugar " ; at about 210° C. (410° F.) Caramel and other 
products are formed. — Sucrose is soluble in about ^ part of 
water; scarcely soluble in cold absolute alcohol, insoluble in 
ether, chloroform, benzole, etc, — Sucrose has a specific rotatory 
power of 73.8° to the right. 

h, Pota4Mdo cupric solution is at first not at all reduced by 
sucrose on warming, or even on digestion over the water-bath, 
but after boiling 5 or 10 minutes, a slight precipitate of cuprous 
hydrate appears, (distinction from Glucose, Lactose, and Dextrin). 
— rSolution of acetate of copper is not reduced by long boiling 
(distinction from Glucose). — ^Ferricyanide of potassiimL is not 
reduced to ferrocyanide by hot solution of sucrose (distinction 
from Glucose). — Stannic chloride is r reduced on warming, and 
chromate with excess of potassa on boiling, with sucrose, (reac- 
tions coinciding with those of Glucose and Lactose). — Ammonia- 
cal nitrate of ulver solution is not reduced, though turned yel- 
lowish, on warming with sucrose (a distinction from Glucose). 
Recent oxide of silver with excess of potassa is blackened on 
boiling with sucrose. — Holybdate of ammonium (neutral solution) 
is unchanged by sucrose (distinction from Glucose). 

0. Sucrose is not readily colored by warming with solution 
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of potaaia (distinction from Glucose). lame forms a soluble 
compound with sucrose. — Conoentrated snlphuric acid blackens 
sucrose on warming, with separation of carbon and evolution of 
sulphurous and formic acids (distinction from Glucose). — ^Dilute 
minreal acids (2 to 3 per cent.), boiled 10 to 15 minutes with 
sucrose, transform it into gliLCOse. The same change is very 
slowly effected by long boiling in water, and with moderate 
rapidity by boiling with dilute vegetable acids. Also by the 
conditions of alcoholic fermentation. 

d. Anunoniacal ioliition of acetate of lead gives a white pre- 
cipitate (Pb,C,,HjgO„), scarcely soluble in cold but readily 
soluble in hot water. 

e. The blue to violet and rose-red precipitate made by add- 
ing potassa to nitrate ot cobalt solution and boiling is scarcely 
altered by presence of sucrose, or held a little more in the 
violet. (In presence of Glucose, the mixture afler boiling is 
colorless or brownish, but not violet or blue.) 

CABAMEL. A mixture of three compounds : 

Caramdane — brittle at ordinary temperatures, soft at 100° C, 
odorless and bitter ; deliquescent and very soluble in 
water, sparingly soluble in alcohol, insoluble in ether. 

Caramelene — brittle, freely soluble in water, not deliquescent, 
sparingly soluble in alcohol, insoluble in ether. 

Caramelin — black, shining, and infusible ; having three modifi- 
cations with different and varying solubilities. 

Caramel is precipitated by subacetate of lead solution ; and 
reduces potassio cupric solution. As generally prepared, cara- 
mel has a characteristic, " burned-sugar " odor. 

190. MAIOOTE* C,HjP,. Crystallizes readily from solu- 
tion in thin, four-sided prisms ; melts at 160° C, and at 200° C. 
(392° F.) distils with little decomposition. It dissolves in 6 or 
8 parts of water of ordinary temperature, in 80 parts of 60 per 
cent, alcohol or 1400 parts of absolute alcohol or smaller quanti- 
ties of boiling alcohol, but is insoluble in ether. — It is not black- 
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ened by oonoeiitented sulphuric acid, or turned brown by boiling 
Willi potassa, and it does not reduce the potassio cupric sulphate 
solution. It is not subject to the alcoholic fermentation. 
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191. METHYIJC ALCOHOL. CH^. Recognized by 
its sensible and physical properties (a) ; its reaction with potassa 
and, as a commercial article, with sulphuric acid {b) ; by solution 
of recent mercuric oxide (c) ; by its reducing power (J), and its 
formation of formic acid (e). It is separated by fractional dis- 
tillation i^f). It is approximately determined as methyl oxalate 
(^) or as formic acid (^, and Formic acid^* or k). 

a. Pure methylic alcohol is a colorless liquid, of spec. grav. 
0.800, boiling at 66° C. (151° F.), and of characteristic taste and 
odor. The commercial article is seldom free from empyreuma. 
It is miscible in all proportions of water, alcohol, and ether, and 
dissolves resins and nearly all substances soluble in ethylic 
alcohol. 

b. The addition of potassa^ with boiling by the heat of the 
water-bath, causes a brown color in a short time (Ethylic alcohol 
only after a long time). — Ordinary methylic alcohol gives a red 
to red-brown color with concentrated sulplitiric acid. 

c. Add (to the distillate ^) 2 or 3 drops of very dilute solu- 
tion of mercnrio chloride, then solution of potassa in excess, 
agitate and warm. If methylic alcohol is present, the mercuric 
oxide will be dissolved. 

d. Methylic alcohol readily decolorizes permangaiLate of 
potassium solution ; but does not reduce silver nitrate, or potas- 
sio cupric solution. 

e. Oxidation to formic acid is effected by distillation of 2 
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C.C. of the liquid examined, in a retort of 60 c.c. capacity, with 
2 grams of powdered bichromate, 15 c.c. of water, and 25 drops 
of sulphuricf acid — digesting fifteen minutes and then distilling 
15 c.c. 

f. In the distillation of methylic alcohol, add a little animal 
charcoal and a little solution of sodic carbonate, and receive the 
distillate at 66° to 76° C. (151° to 169° F.) 

QuantltatiYe. — ^. Place in a retort 55 grams crystallized 
oxalic acid and the mixture of 35 grams of concentrated sul- 
phuric acid and 25 grams of distillate y*, digest for ten hours, and 
distil from an oil- bath at 160° to 180° C, as long as anything 
passes over. The distillate consists of oxalic ethers ; methyl 
oxalate being freely soluble in water, while ethyl oxalate is 
nearly insoluble. The distillate is now washed with 25 times 
its volume of water ; the clear solution decanted, digested, in a 
close bottle, with excess of potassa, the mixture acidulated with 
acetic acid and precipitated with calcium chloride (adding potassic 
acetate). Gather the oxalate of calcium, wash, dry, and ignite 
to carbonate (adding ammonium carbonate and igniting slightly 
again, if necessary). CaCO, : 2CELfi ; : 1 : 0.64. 

192. ETHYIJC ALCOHOL. C,H,0. Characterized by 
its physical and sensible properties (a) ; by the extent of its 
reducing power (b) ; by its formation of iodoform (c) ; of various 
compound ethers (d), and of acetic acid (e). — S^fKirated by 
fractional distillation, solubility in water, and insolubility in 
fixed oils. Separated from methylic alcohol as an oxalic ether 
(191, g), from amylic alcohol by solution in water or by frac- 
tional distillation. — Determined by the specific gravity or by the 
boiling point of its mixtures with water. 

a, A transparent, limpid liquid, of spec. grav. 0.794, freezing 
at -95° C. and boiling at 78° C. (173° F.), of an agreeable and 
pungent odor and a sharp and burning taste. It is miscible with 
water, ether, chloroform, benzole, petroleum naphtha, volatile 
oils and castor oil, and dissolves resins and camphors. 
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5. Alcohol— as a hot liquid or as vapor — slowly reduces 
chromic acid, or a mixture of potassio bichromate and sulphuric 
acid — the alcohol being first oxidized to acetic acid. (This is in 
common with aldehyde, acetic acid, formic acid, and many 
volatile organic bodies.) Permanganate of potassium is but 
slowly reduced by ethylic alcohol — so that the red tinge of a 
slight addition of a ydW solution is scarcely at all affected for 
several minutes. (Methylic alcohol, Formic acid. Aldehyde^ 
and many other volatile organic bodies, more readily reduce the 
permanganate. ) 

c. The production of iodoform from alcohol is a result (in 
part) of the reducing power of the latter upon alkaline iodate : 

6KH0+6I=:5KI+KI0,+3H,0 
KI0,+C,H,0+2I=CHI,+KCH0,+2H,0 

Take 3 to 5 c.c. of the distillate to be tested, 5 to 6 drops of a 
10 per cent, potassa solution ; warm to 100° or 120° C. (212° to 
248° F.), and add— of a solution of potassic iodide in five parts 
of water, saturated with iodine — until the liquid is brownish- 
yellow. If, on agitation, the color does not disappear, add one 
or tv/o drops of the potassa solution. If alcohol is present, the 
iodoform appears, sooner or later, in yellow scaly particles. 
With a power of 200 to 400 diameters, these are seen as hexa- 
gonal stars and rosettes. Iodoform is formed also by Aceton, 
Aldehyde, Acetic ether. Butyric alcohol, Amylene. Not formed 
by Ether, Amy lie Alcohol, Chloroform, Chloral, Chloral Hydrate, 
and, according to Libben, not formed by Methylic alcohol. 

d. See under Acetic acid, 40, h, and Butyric acid, 41, h. 
(One c.c. of the distillate to be tested is treated with 0.3 to 0.5 
gram of dry potassic acetate and 2 or 3 c.c. of sulphuric acid.) 

6. Acetic acid is formed from alcohol by digestion with a 
mixture of bichromate of potassium and dilute snlphnric acid, or 
of permanganate of potassium and dilute sulphuric acid. See 40. 

193. ALDEHYDE. C,Hp. Acetic Aldehyde. — A trans- 
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parent and colorless liquid, of spec. grav. 0.800 at 0^ C, distiU- 
ing at about 21° C. (70** F.), neutral in reaction, of a pungent 
and suffocating odor, slightly resembling that of apples. The 
vapor irritates the eyes. — It is miscible in all proportions with 
water, alcohol, and ether, but not with aqueous chloride of cal- 
cium (separation from Alcohol). It dissolves sulphur, phos- 
phorus, and iodine. — It promptly rechicea ammonio nitrate of 
nlyeFi forming a specular coating on the glass (distinction from 
Acetic acid. Alcohol, Ether). It bums readily, with a blue 
flame. It is blackened by snlphnrio acid. — Potassa solution, 
warmed with aldehyde, colors it brown, with deposition of " alde- 
hyde resin " and formation of acetate and formate (a character- 
istic test). Ammonia (gas) with aldehyde forms aldehyldate of 
ammonium, a compound of an ammoniacal, terebinthinate odor, 
crystallizing (from ether or alcoholic ether) in transparent acute 
rhombohedrons, melting between 70° and 80° C, and distilling 
at 100° C. It dissolves in water, sparingly in alcohol and ether. 
With other bases aldehyde acts as a monobasic acid, exchanging 
one atom of its hydrogen. 

194. SniiFHETia:YIiATES. HC,H,SO,. Ethyl-sulphates. 
— Sulphethylic acid is a limpid, oily, acid liquid, of spec. grav. 
1.315, decomposed by heat, evolving ether at 130° to 140° C. 
(266° to 284° F.)— It is soluble in water and alcohol, not m 
ether. — ^Its metallic salts are all soluble in water, and are mostly 
soluble in aqueous but not in absolute alcohol, the ammonium 
salt only is soluble in ether. The sulphethylates are gradually 
decomposed in boiling water. JBarium sulphethylate crystal- 
lizes in permanent monoclinic prisms, with 2n,0 which is ex- 
pelled in a vacuum, the anhydrous salt bearing 100° C. without 
change. It dissolves in about one part of water, and in a larger 
quantity of aqueous alcohol. The sodium salt crystallizes in 
slightly efflorescent hexagonal plates, with H,0, soluble in less 
than one part of water, melting at 86° C. W hen anhydrous, it 
bears 100° C. without change. 
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196. ETHEB. (C,HjjO. Recognized by its sensible and 
physical properties (a). /Separated by distillation, or by solu- 
tion (6). 

a. Spec, grav.y at 15° C, 0.713 ; at 17.5° C, 0.7185. Boil- 
ing point, 35° C. (95° F.) Ether of spec. grav. 0.728, and 
boiling at blood heat, has from 5 to 6 per cent, of about 90 per 
cent, alcohol ; that of spec. grav. 0.750 has about 25 per cent, 
of 88 per cent, alcohol.— At 17.5° C. (63.5° F.), one part of 
ether dissolves in 12 parts of water, and 35 parts of ether dis- 
solve one part of water. Alcoholic ether is more soluble in 
water : 

" Ether" of sp. gr. 0.719 to 0.721 dissolves in 12.0 parts water. 

" « " 0.724 " 0.726 « « 10.0 « " 

a u u 0.729 « 0.731 « " 7.7 « " 

« « « 0.733 « 0.735 « « 6.2 « <* 

" " « 0.738 « 0.741 « « 5.0 « " 

« « « 0.743 « 0.746 « « 4.3 « " 

n u u 0.748 « 0.750 « « 3.8 " " 

Salts not soluble in ether (as dry potassio. carbonate) separate 
it from water almost wholly. Ether is miscible in all propor- 
tions wit> alcohol, chloroform, benzole, petroleum naphtha, fixed 
and volatile oils, and dissolves resins, ^iidphur, phosphorus, 
iodine, and ferric, mercuric, and auric chlorides. Tannic acid 
dees not dissolve or deliquesce in ali>so)Hte ether, but deliquesces 
ir. the "stronger ether" of spec grav. 0.728. Ether is less 
f.oluble in glycerin than in water/ It mixes with concentrated 
sulphuric acid, the liquid turning brown when warmed. — In the 
air, ether very slowly oxiaize^ to acetic acid. Its combustibility 
renders it necessary ti> age strict precautions in the manipulation 
^f its vapor. 

5. Ether is p-jiprox'Tnately separated from alcohol by means 
of glycerin (or water). A test-tube of over 20 c.c. capacity is 
gv'jkduHX^j. froni the point of 10 c.c. contents (marked 0) to the 
poiD* <;<' 20 c.c. contents (marked 10). Ten c.c. of glycerin or 
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water is taken in the tube, then 10 c.c. of the ether is added, the 
contents shaken together, the ether allowed to separate, and the 
increase in the lower layer is read off. 

10e, mnPBOXTS ETHEB. C,H,N0,. Nitrite of ethyl.— 
Charaderized by it« sensible and physical properties (a) and by 
reactions of nitrites. — JEstimated^ in its alcoholic mixtures, by 
their boiling point (6), and by volumetric trial with permangan- 
ate (o). 

a. Nitrite of ethyl is a yellowish liquid, of spec. grav. 0.947, 
boiling at 16.6° (62° F.), and of an agreeable odor of apples. It 
is soluble in 48 parts of water, in all proportions of alcohol, and 
freely soluble in dilute alcohol. It gradually decomposes ; more 
quickly in contact with water. 

b, " Spirit of nitrous ether," of 5 per cent, nitrite of ethyl, 
boils at 63° C. (145° F.) : the test-tube containing it being Im- 
mersed in water of that temperature, and a few fragments of 
broken glass added. 

QiiantitatiYe. — c. 10 grams of the spirit of nitrous ether are 
macerated, with 1.2 to 1.5 grams of fused potassa, in a stoppered 
flask, for 12 hours, occasionally agitating. Then pour the mixture 
into a beaker, dilute with an equal bulk of water, and leave at a 
warm temperature till the odor of alcohol disappears. Acidulate 
slightly with sulphuric acid, and add, from a burette, a solution 
of potassium permanganate of known strength, until the color 
peases to be discharged. The number of grams of permanganate 
expended, mvfltiplied by 1.18, equals the number of grams of 
ethyl nit^rite \n t}ie IQ gi^an^s of material taken. 

197. CniiOBOFOBM. OHd,. Identified by its sensible 
and physical properties (a) ; its liberation of chlorine when de- 
Composed (5), and its production of isonltrll (c). It acts as a 
reducing agent {d). It is separated by washing with concentrated 
sulphuric acid and with water, and rectification from alkaline 
carbonate, lime, calcium chloride, animal charcoal (e). It may 
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bd estimated from the chloride it gives afler digestion with 
alcoholic fixed alkalies. 

a. Chloroform is a colorless liquid, of spec. grav. 1.497 (at 
15° C), boiling at 61° C. (142° F.). It is neutral in reaction, 
and has an agreeable sweet ethereal odor and burning sweet 
taste. It is not readily combustible, but burns with paper, with 
a green-bordered flame. By standing, especially in the light and 
if free from alcohol, it becomes acid and gives reactions for 
chlorine and hydrochloric acid. — Chloroform is not miscible 
in water except in traces, but is soluble in all proportions of 
alcohol, ether, benzole, petroleum naphtha, bisulphide of carbon, 
fixed and volatile oils — not in concentrated sulphuric acid. It 
dissolves sulphur, phosphorus, iodine, iodoform, resins, caout- 
chouc, and gutta percha. 

5. Chloroform is decomposed, with production of chlorine 
and hydrochloric acid> when it is passed in vapor through a red- 
hot tube; or, with production of chloride and formate, when 
digested with alcoholic solution of potajna (slowly by aqueous 
potassa). (Alcoholic ammonia produces ammonium cyanide and 
chloride— the better with help of potassa.) 

CH ei,+4K H 0=3E: d+K CH 0,+2H,0 
CHCa,+5NH, =3NH,Ca+NH,CN 

Also, with production of hydrochloric acid, by nascent hydrogen, 
as evolved by zinc with sulphuric acid diluted with alcohol. — 
The free chlorine is made evident by potassic iodide (and starch), 
and the hydrochloric acid by silver salt. (Neither pure nor alco- 
holic chloroform affects silver nitrate.) 

c. Chloroform, even in solution with 5,000 parts of alcohol, 
when treated with anilin (or other monamine) and then with 
alcoholic soda, forms an isonitril, recognized by its characteris- 
tic odor (Hoffmann). This test distinguishes chloroform from 
Chloroethylidene (C^H^Clj). Iodoform, Bromoform, Chloral, etc., 
react in the test^ tfee same as chloroform. 
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d. Chloroform readily reduces the hot potaatio onpric solu- 
tion (distinction from chloroethylidene and from alcohol). 

e. Chloroform may be separated from slight mixtures of 
Ether, Alcohol, water, etc., as follows : To 10 parts of the impure 
chloroform, add 2 parts of concentrated sulphuric acid, and shake 
together occasionally for 24 hours. Remove the upper layer, 
add to it ^ part of (crystallized) carbonate of sodium previously 
dissolved in 1 part of water, agitate and digest (cold) for half an 
hour, then remove the lower layer and distil it from ^ part of 
freshly-burned lime. — Distillation from dry calcium chloride 
separates chloroform from alcohol. — ^To separate from Ethe- 
real Oil (ethyl and ethylene sulphates), distil from animal 
charcoal. 

198. CHLORAL HITDBATE. C,HC1,0.H,0. Charac- 
terized by its sensible and physical properties (a), and its forma- 
tion of chloroform (h), and of chloralide (c). It has, with alkalies, 
considerable reducing power (d). Separated from chloral alco- 
holate by its slight solubility in cold chloroform and its greater 
solubility in cold water. — Estimated from the amount of chloro- 
form it produces {e), 

a. A friable solid, crystallizing from solvents in transparent 
rhomboidal crystals, or congealing in a white crystalline mass, 
melting at about 60** C. (140° F.) and boiling at 95° C. (203° F.) 
—(the Alcoholate boils at 116° C). It slowly sublimes, in the 
bottle, at ordinary temperatures. It is neutral in reaction, and 
of an aromatic, penetrating, and slightly acrid odor, and bitter, 
caustic taste. Melted in a spoon, over the flame, it does not take 
fire (distinction from the alcoholate). — It is slightly deliquescent, 
readily soluble in 1^ parts of water (the alcoholate dissolves 
sparingly in cold water) ; soluble in alcohol, ether, benzole, 
petroleum naphtha, bisulphide of carbon ; slightly soluble in cold 
chloroform (the alcoholate freely soluble). It forms liquid mix- 
tures with camphor, and with phenic acid, and a crystalline 
mixture with glycerin. 
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b. Fixed and volatile alkalies, and their carbonates, in solu- 
tion, decompose chloral hydrate — ^the chloroform subsiding from 
the milky mixture. 

C,HC1,0.H,0+KH0=CHC1,+KCH0,+H,0 

(100 parts chloral hydrate producing 72.2 parts of chloroform.) 
(Trichloracetic acid, also decomposed by alkalies into chloroform 
and formate, has an acid reaction, and boils at 195° C.) 

c. Concentrated sulphuric acid separates, from about an 
equal weight of chloral hydrate, anhydrous chloral — the latter 
rising to the surface, as a pungent and irritating oily liquid, of 
spec. grav. 1.5. — Chloralide is formed when chloral hydrate (con- 
centrated, if necessary, by distillation from chloride of calcium) 
is heated with about six times its volume of concentrated sulphuric 
acid, at 125*^ C, for some time. When cool, the mixture is 
diluted with six measures of water, and, if carbonized at all, 
extracted with ether. On evaporating the ether the chloralide 
(CjH,Cl,0,) crystallizes in stellate groups of prisms (or in 
needles) which melt at 116** C. and bum at 200° C. with 
a green-edged flame. — In certain conditions, sulphuric acid 
changes chloral into metachloral (insoluble in water, alcohol, 
or ether). 

d. Chloral hydrate, in the act of decomposition by ammonia, 
promptly reduces nitrate of silver as a specular coating. — 
Aqueous solution of pure chloral hydrate does not within a few 
minutes perceptibly decolorize the permang^anate of potassium 
solution, and does not at all aflect argentic nitrate. — ^The potassio 
cupric solution is reduced by chloral according to 197, c?. 

Quantitative. — e. Take 10 grams of the chloral hydrate, 
dissolve in the least quantity of water, and add, in a graduated 
tube holding 20 c.c, ammonia enough to be a slight excess for 
the absolute chloral hydrate taken, according to the equation in b 
(5 c.c. of water of ammonia of spec. grav. 0.90). Stopper tightly 
in the tube, which should be nearly filled by the liquid, and leave 
until the subsident layer no longer increases — four to twelve 
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hours. The c.c. of chloroform are multiplied by 1.5 for grams. 
Closer results are obtained by taking 50 grams chloral hydrate. 

199. lODOFOBM. CHI,. A sulphur-yellow solid, crys- 
tallizing in hexagonal plates, stars, and rosettes; melting, at 115° 
to 120° C, with partial vaporization and partial decomposition 
into carbon, hydriodic acid, and iodine. It has a saffron-like 
odor, reminding of chloroform and of iodine, and a taste like the 
same substances, becoming unpleasantly strong of iodine. — It is 
soluble in 13,000 parts of water (to which it imparts a slight 
odor and taste), in 80 parts of cold or 12 parts of boiling alcohol 
of 80 per cent., in 20 parts of ether, and soluble in chloroform, 
bisulphide of carbon, fixed and volatile oils. The alcoholic 
solution is straw-yellow ; the ether solution, gold-yellow ; both 
solutions are neutral, and have a sweet-ethereal, burning taste and 
iodine-like afler-taste. — It is difficultly and imperfectly decom- 
posed by boiling aqueous potassa, but (Wittstein) alcoholic 
potassa decomposes it, forming iodide and formate (see chloro- 
form, b). 

200. CHOTON-CHLOBAL HYDBATB. C,H,C1,0. The 

trichlorinated aldehyde of crotonic acid. — ^Thin, dazzling-white 
plates, melting at 78° C, volatile in steam at 100° C, boiling at 
1 63°. It has a sweetish, melon-like taste, and its vapor irritates 
the eyes. It is sparingly soluble in cold, freely in hot water, and 
soluble in alcohol and in glycerin. Potassa decomposes it with 
formation of potassic chloride and formate and dichlorallylene 

(c.H,aj. 

201. AMYUC ALCOHOL. C^H,,0. Characterized by 
its sensible and physical properties (a) ; by its production of red 
sulphamylic acid (b) ; by its formation of odorous ethers (c). — It 
is separated from alcohol by fractional evaporation or distilla- 
tion, or by adding water and extracting with ether (<Z) ; from 
water, in the slight proportions miscible, by adding petroleum 
naphtha or benzole, or by adding common salt (a). 
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a. A colorless and transparent liquid, of spec. grav. 0.816, 
boiling at 132-3° C. (270° F.), and having a sharp taste and a 
characteristic, pungent odor. Its vapor excites coughing, a few 
moments afler it is inhaled. — It is soluble in about 40 parts of 
water, less soluble in solution of common salt, soluble in all pro- 
portions of alcohol, ether, chloroform, benzole, petroleum naph- 
tha, fixed and volatile oils. It makes a slowly evanescent oil-spot 
upon paper. — It bums with a smoky flame. 

J. When two parts of amylic alcohol are digested warm with 
three parts of concentrated solphnric acid, sulphamylic acid, or 
amyl sulphuric acid is formed — shaving a red color and dissolving 
freely in water. 

c. Distilled or digested hot with concentrated sulphuric 
acid and potassic acetate, the odor of << pear-oil " is developed 
— from formation of amyl acetate. — Distilled or digested with 
sulphuric acid and a little water and bichromate of potassium, 
the apple-odor of valeric aldehyde is first generated, and then the 
peculiar odor of valeric acid (42). 

d* It is separated from (aqueous) ethylic alcohol, by adding an 
equal volume of pure ether, and then to the whole an equal 
volume (or enough) water to cause the ether to separate. The 
latter will contain most of the amylic alcohol. Benzole or petro- 
leum naphtha may be used instead of ether. 

e. If from 100 c.c. of commercial " fusel-oil " are slowly 
distilled 5 c.c, and this be agitated with a saturated solution of 
common salt, the separation of an oil-layer of 2.5 c.c. or over 
indicates that there is less than 15 per cent, of'' proof spirit" in 
the fusel-oil taken. 

202. ** FUSEL-OIL '' contains, besides amylic alcohol, small 
proportions of Butyric, Valeric, and volatile Fatty Acids, and of 
propylic and butyric alcohols. — In examination of spirits for 
fusel-oil, add 2 or 3 c.c. of potassa solution, to about 30 c.c. 
of the material, and evaporate by a gentle heat to dryness. 
Add 5 or 6 c.c. of sulphurio add and nearly as much water : 
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when, if the acids in question are present, their odor will be 
apparent.* 

203. JIlTiaTJg OF AMYL. C,H„irO.. A h^jMaw 
itk liquid, darkfrning wlwn heatodyof ^ec. gray. 0.877, boiling at 
about 96** C Its vapor has a reddish-yellow color. Its odor 
resembles that of ethyl nitrite. — Sulphuric acid (concentrated) 
decomposes it with explosive violence, sometimes with combus- 
tion. Alcoholic potassa decomposes it quickly, forming potassic 
nitrite : aqueous potassa decomposes it slowly. 

* Fai-tfaer, see Freaoott's Examination of Alcoholic liquors, New 
York, 1875. 
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AfiSINTHIN, 151, ISd. 

Acacia, 162. 

Acetic Acid, 18, 58* 

Acetic £!ther, formation of, 59. 

Acids, 18. 

Separated as lead salts, 59. 

AconiSfL 135, 188, 185, 187 to 140, 142 
to 144, 148, 150. 

Aoonitic Acid, 181 21. 

Acrolein, formation of, 80. 

Acryli'; Acid, formation of, 86. 

Agaric Resin, separated from Gam- 
boge, 96. 
Separated by Chloroform, 104. 

Albumen, 158. 

Albumenoids, 18, 157* 

Alcohol, IS, 176. 

Alcohols, l75. 

Aldehjd, 18, 177. 

Aldehyds, as Volatile Oils, 104. 

Alkaloids, Fixed, 18. 
VolatUe, 18, 120. 

Allspice Oil—See Pimento OiL 

Almond Oil, 73, 76. 78, 81. 

Almonds, Oil of Bitter— See Bitter 
Almond Oil. 

Aloes ResiUs, 93, 106. 

Separation of Oamboge from, 96. 

Aloin, 161, 156. 

Amber, 9SL 103. 

Amber Oil, 107, 106, 109, 111, 114. 

Ammonia, 124. 

Ammoniac, 93, 106. 

Amygdalin, 14% 152. 

Amyfic AloohoL 18, 184. 

Amyl, Nitrite of, 180. 

Amyloid, 168. 

Anilin, 120» 140, 142. 140, 14a 
Compounds, 18, 14. 

Anise Oi( 107 to 111, 114. 

Anthracene, 18, 117* 

Arabic Acid, ite. 

Arabin,162. 

Asparagin, 158, 150. 

Assafetida,9il06. 

Atropia,lS5^ !», 185, 187 to 140, 142 
to 144^ 147, 148, 150. 

Auric Chloride, as Reagent for Al- 
kaloids, 150. 



Balm OiL107, 112. 
Balsams, 96. 



Balsam of Copaiba, 96i. 

Peru, 102, 103. 

Tolu, 103. 
Baranilin, 120. 
Bases, VolatUe, 120. 
Beech-nut Oil, 78, 76) 81. 
Benzene, 119. 
Benzoin, 94, 108. 
Benzole. 18, lis. 

Benzoyl Hydride— see Bitter Al- 
mond Oil. 
Berberina, 125, 128, 185 to 188, 140, 

142, 143, 14BL 147, 149, 151. 
BergamotOU, 107 to 110, 112, 114. 
Bitter Almond O4L107 to 111. 

Artificialr-see l^itrobenzole. 

Formation of, 62. 
Boheic Acid, 13, 36. 
Bone OlL 76, 81. 
British Qum— see Dextrin. 
Bromated Camphor, 116. 
Bruda, 125, 128, ISS, 187 to 140, 142, 

148, 145 to 150. 
Butter, 74, 81. 
Butyric Acid, 13, 60, 61. 

Ether, Formation of, 62. 
Butyrin in Butter, 81. 

Caoao Butter, 74. 
CacodyL Formation of, 59. 
Caffeina, 125^ 127, 128, 135 to 140, 142 

to 145^ 148 to 150. 
Caifetannic Add, 18, 28, 35. 
Cajeput Oil, 107 to 110, 112, 114. 
Calamus Oil, 107 to 110. 
Calvert's Tests for Fixed Oils, 78. 
Camphor OiL 107. 
Camphors, 13, 116* 
Canatiba Wax, 96, 103. 
Cane Sugaiv-see Sucrose. 
Cannabin, 98. 
Caoutchouc, 96, 106. 
Capric Acid, 67, 68. 
Caproic Acid. 67, 68. 
Caprylic Acid, 67. 
Caramel, 178, 174. 
Caramelane, 174. 
Caramelene, 174. 
Caramelin, 174. 

Caraway. Oil of, 107 to 110, 112. 
Carbazotic Acid— see Nitrophenio 

Add. 
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Carbohydrates, 18, 161. 

Garbolio Acid — see Phenio Add. 

Carbon, uncombmed. 11. 
Compounds of, 111. 

Cardamon OiL 107, loa 

Carminic Ada. IS, 40* 

Carmine — see Carminic Add. 

Cascarilla Oil, 107, 109, 112. 

Casein, 159. 

Castor Oil, 78, 76, 78, 80, 8t 

Catechu, 81 

Catechidc Add, 18, 28, 34. 

Catechutannic Add, 18, 28, 33. 

Cathartic Acid, IJ^, 156. 

Cathartin-Hsee Cathartic Add. 

CeUulose, IS, 167. 

Cephffilic Add, 28. 

Ceroso-ceric oxide, as Reagent, 14S. 

Cerotic Acid, IS, 70« 

Chamomile Oil, 107. 108, 109. 

Chloral Hydrate. 18, 182. 

with Oil of Peppermint, 115. 

Chloralide, 182. 

Chlorine, as Reagent for Alkaloids, 
148. 

Chloroform, 13, 180. 

Chrysanmiic Add, 152. 

Chrysophanic Acid, 18, 41* 

Chrysophane — see Chrysophanic 
Acid. 

Cinchona Bark, seiMiration of Adds 
from, 37, 39. 

Cinchonia, 12& 128, 186 to 140, 142, 
148, 145, 149, 150. 

Cinchonidia, 126^128, 149. 150. 

Cinchotannic Acad — see Qoinotannic 
Add. 

Cinnamato of CinnyL 102. 

Cinnamon OiL 107 to 110, 112, 114. 

Citric Acid, 18, 18. 

Citric Add, disting^oished from Tar- 
taric, 15. 

aoves. Oil of, 107 to 111. 

CochinefU, separation of Carminic 
Add from, 26. 

Cocoa-nut (Coco-nut) OIL 80. 

Coderna, 125, 127, 12S, 136 to 138, 140 
to 143, 145, 147 to 150. 

Cod-Uver Oil, 7^ 77, 78, 80, 81. 

Coffee, separation of Caffetannic 
Acid from, 85. 

Cohesion-figures of Oils, 74, 105. 

Colchicia ^olchicin), 125, 137, 128, 
135 to 140, 142 to 150. 

Colocynth, separation from Gam- 
boge, 98. 

Colocynthin, 136, 137, 145. 

Colombic Add— see Columbic Add. 

Colombin, 145, 151, 156. 



Colombo Bitter-Haee Colombin. 
Colopholic Acid, 96. 
Col<n)hony, 95, 108. 

Separation from Lac, 101. 
Color Remns, 93. 
Columbic Acid, 13, 39. 
Columbo Root, separation of Add 

from, 99. 
Colza OiLTa 
Conia, 123, 128, 185tol38, 140, 142 to 

145,149. 
CouTolTulic Add, 100. 
Convolvulin, 100, lOa 

Separation from Qamboge, 98. 
ConToIvnlinoL 100. 
ConvolTulinolic Add, 100. 
Copaiba Oil, 107, 108. 110, 118, 114. 
Copaiba Redns and nalsam, 96. 
Copaivic Add, 96. 
Copal, 96, 103. 
Coriander OiL 107, 113. 
Cotton-seed ^ 73, 76, 81. 
Creosol, 68. 
Creosote, 13^ 116. 
Cresylic Acid, separation of Phenic 

from, 4q, 50. 
Croton Chloral Hydrate, 184. 

011,73,77. 
Cubebin, ia5 to 138, 145^ 154, 156. 
Cubeb Oil, 107 to 110. 
Cumidin, 120. 
Cummin Oil, 107, 108. 
Curarin, 136, 137, 142, 145, 146, 147. 
Cymidin, 120. 
Cyti8in,142. 
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(Dammaran, etc.), 96l 103. 

Daphnin, 126, 128, 148. 

Daturia---6ee Atropia. 

Delphina, 125, 128, 135 to 138, 141 to 
145, 149, 150. 

Dextrin, 13, 162. 

Dextrose--see Gluooee. 

Dextrotartaric Acid, IS. 

Dialysis of Alkaloids 131, 134. 

Digitaldc Add— see Digitalic Add. 

DigitaHc Add, 13, 26. 

Digitalin, 125, 127, 128, 185 tol39, 14L 
143 to 145, 149, 150. 

Digitoleic Acid-Hsee Digitalic Add. 

IMU OiL 107, 111. 

Distillation, Fractional, 66. 

Dragendorff's Method with Alka- 
loids, 131, 134, 136. 

Dragon's Blood, 97, 103. 

EiiAiDiN, formation of, 75 
ElBBoptenes, 104. 
Elaterin, 186^ 145^ 154, 156. 
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EmetiiL 126, m 135 to 188, 141, 143, 

Emulsions, formation of, 74. 
Eiigotdna, 12S, 128, 141, 145. 
Brucic AcicL 13, 70. 
Essence of MiitMrne-Hsee Nitroben- 

zole. 
EUier, IB. 179. 
Ethers, CompomicL 18. 
Ethylic Alcohol, 176. 
Ethyl Sulphates, 177. 
Eucalyptus Oil, 107, 100, 113. 

Fattt Adds, 13. 

Separation from Neutral Eats, 

Kon-volatile, <S8. 

Volatile, 67. 
Fats, 72. 

Fennel Oil, 107, 108, 100, 112. 
Ferric Chloride, as Beaugent for Al- 
kaloids, 14B. 
Fixed Oil«^. 
Formic Acid, 13, 55, 60. 75. 

Ether, formation of, 66. 
Fractional Crystallization, 68. 

Fusion, 71. 

Saturation and Distillation, 66. 
Frankincense, 102. 
Fraxin, 154, 156. 
Frdhde's Reagent» 141 
Fuchsin, 120. 
Fusel-Oil, 185. 

Fustic, separation of Morintannic 
Acid from, 35. 

OALAiraAL Oil, 107. 

GhUbanum (ML 107. 

Gallic Add, 13, 30. 

Oallotannic Add, 28. 

Gamboge, 97. 

Reran of, 07, 103. 

Gambogic Add, 18, 41, 07. 

Gasolene 110. 

Gelatin, l3, 160. 

Gtantianic Add, 13, 39. 

Gentianin—see Gentilanic Add. 

Gentian Root, separation of Gen- 
tianic Add from, 40. 

Gentisic Add—see Gentianic Add. 

Gentisin— see G^entianic Add. 

Geranium Oil, 107, 113. 

Glucose, 16a 

Glucosides (with Alkaloids), 125. 

Glue— see Gfelatin. 

Glyceric Add, resemblance to Lao- 
tic, 53. 

Glycerin, 13, 85. 

Determined in Soap, 01. 



Graham and Hofmann's Method, 131, 

184. 
Grape-seed OiL 72. 
Grape Sugar, 168. 
GuaiacoL 116. 

Guaiac Kesin, Separation from Gam- 
boge, 08, 103. 
Guaiacum, 08, 103. 
Guaiaretin, formation of, 06. 
GuuL IS. 161. 

Araoic, 161. 

Tragacanth, 162. 
Gum-resins, 08. 
Gun Cotton—see Nitrocellose. 

HAam's Method with Volatile Oi]& 

HI. 
Hazel-nut OiL 73. 
Hemp Resin, 08, 108. 
HempHseed Oil 72, 77, 80, 81. 
Heeperidin. 145. 
Hippuric Acid, distinguished from 

Benzoic, 43. 
Hop Oil, 107, 100. 

Hydrastia, 126, 128, 138, 145, 146, 148. 
Hyoscyamia, 125. 128, 135 to 138, 142, 

144,14$, 14Btol50. 

laASUBiA, 125, 128, 138, 146, 147, 148. 

Incens e s ee Olibanum. 

Indian Hemp — see Hemp Resin. 

India Rubber— see Caoutchouc. 

Indigo Blue, 00, 103. 

Iodine Solution, as Reagents 130, 144. 

Iodoform, 13, 177, 184. 

jAiiAP Resins, 00. 
Jalapic Add, 100. 
Jalapin, 00, 106. 

Separation from Gamboge, 06. 
Jalapinol, 100. 
Jalapinolic Add, 100. 
Jasmin OiL 107. 
Juniper (^ 107, 108, 100, 113, 114. 

Knao Add— see Quinic Add. 
Kinotannic Add, 33. 
Kinovic Add— see Qninovic Add. 
Kinoyin— see QuinoYic Add. 
Kuphanilin, 120. 

Lao (resin). 100, 103. 
Lactic Add, 13, 53. 
Lactoscope, Vogel's, 84. 
Lactose, 171. 
Lactudn, 154, 156. 
Lard, 74. 

In Butter, 83. 

Oil, 73, 76^ 78, 80, 8t 
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Lanrio AoicL 1^, 70. 

Layender (XI, 107, 106, 110, 118, 114. 

Lead Salts of Acids separated, 59. 

Leather, 161. 

Lemon Oil, 107 to 110, 118, 114. 

Limonin, 145u 

Linoleic Add, 18, 60. 

Liquid Non-Yolatile Acid, 53. 

Volatile Adds, 66. 
Liquids, Preliminary Examination 
of, 12. 

Maob, 107. 100, 118. 
Magenta, 131. 

Hf£cb's tests for Volatile Oils, 110. 
Marjoram Oil, 107, 109, 118. 
Malic Add, 18, 32. 
Mannite, 174. 
Mastic, 101, lOS. 
Masticin, 101. 

Mayer's tests with Volatile Alka- 
loids, 121 
Meconic Acid, 18, 24. 
Meconin, 145. 
Metachloral, 188. 
Metapectic Acid, 167. 
Metapectin, 167. 

Metatungstic Add, as Reagent, 141. 
Methylic AlcohoL 18, 174. 
Milk Albumen, lo9. 

Commercial Examination of,160. 

Determination of Fats in, 84. 
Casein in, 150. 

Quantitative Analysis of, 160. 

Sugar— «ee Lactose. 
Mirbane. Essence of — see Nitroben- 

zole. 
Molybdate, as Reagent, 141. 
Monophenylamin— see Anilin. 
Morintanmc Acid, 18, 28, 35. 
Morphia, 126 to 128, 136 to 189, 141 to 

145, 147 to 160. 
Mustard Oils, 73. 
Myristic Acid, 18, 70. 

Alcohol, 95. 
Myrrh Oil, 107. 

Resin, 101, 108. 

Separation of , from Gamboge,98^ 

Nabceina, 126 to 128, 186 to 188, 141 
to 150. 

Narcotina, 126 to 128, 185 to 188, 140 
to 145, 147 to iS. 

Nicotia, 123, . 124, 128, 185 to 188, 
141 to 145, 148, 149. 

Nitric Acid, as Reagent for Alka- 
loids, 147. 

Nitrite of Amyl, 186. 
Ethyl, 180. 



Xitrobensold, 13, 112, 119. 
Nitrocellulose, 168. 
Nitrogenous Neutral Bodies, 157. 
Nitrophenic acid, 18, 49, 51. 
Nitrous Ether, 180. 
Non-drying Oils, 78, 75. 
Non-YOlatae Alkaloids, 125. 

fVit Adds, 6a 
Nutmeg Oil, 107, 111, 114 

Obnanthto Add, 67, 68. 
Oenanthylic Acid-nrae Oenanthyc 
OilELFixei, 13, 72. 

TTolatile, 18, 104. 
Oldc Add, 18, 69. 
Oleo-resins. 98. 
Olibanum (resin), 102. 

Olive OiL 73, 76^ 77, 80| St 

Ononin, 145. 

Opiania, 126, 127, 129, 14a 

Opianyl — see Meconin. 

Opium, Separation of Meconic Add 

from, 24^ 25. 
Orange Slower Oil, 107, 109, 118. 

Peel Oil, 107, 109, 110, 118, 114. 
Organic Compounds^ detemuned as 

such, 11, 12. 
Origanum Oil, 107. 
Otto-Stas' Method with Alkaloids, 

180. 181. 
Ovalbumen, 15a 

Palmitio Acid, IS, 70. 
Papaverina, 126, 127, 129, 135 to 138, 

141 to 145, 149, 150. 
Paracumaric Add, formation of, 93. 
Parapectic Acid, 166. 
Parapectin,166. 
Parmdia Parietina, Chrysophanio 

Acid from, 41. 
Parsley OiL 107, 109, lia 
Patchouli Oil, 110. 
Paytina. 126, 129, 13a 
PecticAcii 166. 
Pectin, 13, 166. 
Pectose, 166. 
Pectous Substances, 166. 
Pelargonic Add, 67, 68. 
Peppermint Oil, 107, 109,. HI, 112^ 

114, 115. 
Pepper Oil, 107, 114. 
Peru Balsam, 102. 108. 
Petroleum Naphtha, 13, 119. 
Phenic Acid^. 
Phenol— see Fhenic Acid. 
Phenyleunin— see Anilin. 
PhenyUc Alcohol — see Phenic Add. 
Phenyl Sulphuric Add— see Sulpho- 

phemc 
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Fhloridsin, 145» 155, 156. 
Fhotphomolybdio Acid, as Reagent, 

FhvBOstigmial 126, 129, 135, 136l 188, 

141 to 145, 148, 150. 
Picramic Add, 62. 

Ficrio Acid, as Reagent, 139. 

See Nitrophenic Acid. 
Ficrotozin, 1^ 127, 129, 136 to 138, 

146. 
Pimaric Acid — see Colopholic Acid. 
Pimento Oil, 107. 
Pinic Acid, in Colophony, 96. 
Piperidiii, 141. 
Piperin. 126, 129. 134^ 186^ 137, 138, 

Platinio Chloride, as Reagent for 
Alkaloif^ 148. 

Podophyllum Resin, 10% 103. 

Popoy-seed Oil, 72, 77, 78, 80. 

PopuUn, 137, 145, 155. m 

Potassio Mercmic Iodide, as Re- 
agent, 139. 
Caamic Iodide, as Reagent, 141. 

Propylamin — see Irimethyuonia. 

Pseudomorphia, 126, 127, 129, 138, 

142 145, 148. 

Pyrogallic Add, 13, 32. 

Pyrogalline— IVrogallol— see Pyro- 
gallic Add. 

Pyrozyllon-H9ee Nitrooellalose. 




rASSnr, 155, 156i 
lerdtannic Add, 27, 28. 

la, 126, 129, 135 to 138, 140 to 
142, 144^ 145, 148, 149, 150. 
Quinio Acid, 13, 36. 
Quinidia, 126, 129, 135, 136, 138, 143, 
141, 142, 145. 149, 151. 
Lone, Formation of, 37. 
LOtannic Acid, 13. ^ 33. 
iovic Add, ISL 3d. 
ioyin-HE»e QoiDOYic Add. 

Raokkio Add, 13, 18. 
Rap&«eedOil, 73, 76, 78, 80, 81. 
Resinified Oils, 105, 115. 
Resins, 13, 92. 

Determined in Soaps, 90. 
RoBadia. 126, 129, 138. 
Rhubarb, Chrysophanic Add from, 

41, 
lUdnoleio Add. 13, 69. 
Rodgers and Uirdwood's Method, 

130, 132. 
Rosanilin, 121. 

Rosemary OiL 107, 109, 111, 113, 114. 
Rose Oil, 1077109, 111, 113, 114. 
Rosewood Oil, 107. 



Rosin Oil, 96. 

Rue Oil, 108, 109, 111, 113. 

Sabadillia, 12& 129, 142, 148. 
Sabadilla Seeds, v eratric Add from, 

47. 
Saccharose — see Sucrose. 
Salicin, 126, 129, 136, 137, 188, 145. 
Salicylic Add, 18, 4T. 
Sandarac, 102, 104. 
Sanguinarin, 142. 
San&lic Add, 18, 42. 
Santalin—see SantaUc Acid. 
Santonin, 137. 

Saponification, Means of, 75. 
Saponin, 126, 129, 138. 
Saroolactates, 54. 
Sarsaparlllin, 146, 156. 
Sassafras OiL 108. 109, 110. 
Saturation, Fractional, 6('. 
Savine Oil, 108, 109, 114. 
Scammonin— see Jalapin. 
Scammony, 102. 
Seal Oil, 80. 

Secalin— see Trimethylamia. 
Senagin, 146. 

Senna Resin, Separation from Gam- 
boge, 98. 104. 
Separation oz Acids, as Lead Salts, 
59. 

Alkaloids from other matters,130. 
each other, 156. 
Glucosides, 156. 

Fixed Oils, 85. 

Non-Tolatile Fat Adds, 71. 

Resins, 108. 

Solids from liquids, 12. 

VolatUe Fat AddM^ ^ 

VolatUe Oils, 105. 
Seralbumen, 158. 
Sesame OiL 73, 76, 80, 81. 
Shell Lac, 101. 
Soaps, 13, 87. 
Soluoa. 126u 127, m 136, 138, 141 to 

14D, X4T, 14o, Idi.. 

Solids, Preliminary Examination 

of, 11. 
Solid VolatUe Adds. 42. 

Non-Yolatile Acids, 14. 
Soluble Starch, 164. 
Smilacin, 146. 
Spermaceti, 74. 
Spearmint Oil, 108, 110. 
Spirit of Nitrous Ether, 180. 
Starch, 13, 164. 
Starch Sugar— see Glucose. 
Stas and Otto's Method with AIki»> 

loids, 130. 
Stearic Add, 13, 70. 
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BtoaropteiiM, 104. 
Btorax Redn, 102. 
Btryohnia, 126, 127, 120, 186, 137, 188, 

140 io 144, 148, 151. 
Test, 140, 1&. 
Styradii, m 108. 
Suocinic Acid. 45. 
Suntrs, 18, 168. 
BuTphario Add, as Eeagent, 144^ 

156, 156. 
See, also, under GlnoosideSk 
Sanflower Oil, 73, 77. 
Bweet SpiritB of Nitre— see Spirits 

Nitrons Ether. 
Byhric Acid, in Ck^lophanv, 96. 
Byringin, IdO, 14A. 

TalijOW, 74. 

in Batter, 82, 88. 
Tannic Acid^ IS, 18, 146l 

distingmshed from GhUlic, 31. 

as Ret^ent. 139, 148. 
Tannic Adds, 26. 
Tanoxjlic Add, 27. 
Tansy Oil, loOoO, 114. 
Tarazacin, 156. 
Tartaric Add. 13, 14. 
Tea, Black, Separation of Boheic 

Add from, 86. 
Thebaina, 126, 127, 120, 135 to 138, 

142, 143, 146, 149, 151. 
Theobromina, m, 129, 186 to 189, 

141, 142, 146, 148, 149, 151. 
Thyme Oil, 108, 109, 114. 
Tdb Balsam, 108, 



Toliddin, 120, 121. 

Tola Resin, Separation from Ganft- 

bogcs 98. 
Tragacantb, 162. 
Trimethyiaznia, 123, 124. 
Trinitrophenic Add — see Nitro- 

pbenic 
Trommer's Bagar Test, 169. 

UsLAB and Erdmann's Method, 130, 
133. 

Vat.ertanio Add— see Valeric. 
Valerian OiL 106, 109, HI, 112, 115. 
Valeric Add, 18, 60, 63. 
Vanillin, 156. 
Veratria, 127, 129, 185 to 189, 140to 

144 146, 1&, 151. 
Veratric Add, 18, 47. 
Vogd's Lactoscope, 84. 
Vobtile Bases, 1»). 
Fat Adds, 67. 

Wall Lichen— see Parmelia p. 
Walnat Oil, 72, 77. 
Wax, Bees', 74. 
Whiiie Oil, 78, 7a 
Wintergreen Oil, 106, 110. 
Wormseed OiL 108 to 111, 114. 
Wormwood 00, 108, 109, 111, U4 

XnjDiN, 120. 

Yabbow Oil, loa 

Ylang Ylang (Oil), 108, 114. 
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A Compendious Manual of Qualitative Chemical Analysis. 

By Charles W. Eliot and Frank H. Storer. Revised, with 

the cooperation of the Authors, by William Ripley Nichols, 

Professor of Chemistry in the Massachusetts Institute of Technology. 



Rammelsberg's Clieinical Analysis. 

8vo. Cloth. $2.25. 

Guide to a Course of Quantitative Chemical Analysis, 
Especially of Minerals and Furnace Products. Illustrated 
by Examples. By C. F. Rammelsberg. Translated by J. Towler, 
M.D. 



Naqnet's Legal Clieniistry. 

niostrated. 12mo. Cloth. $2.00. 
Legal Chemistry. A Guide to the Detection of Poisons, Falsificap 
tion of Writings, Adulteration of Alimentary and Pharmaceutical 
Substances; Analysis of Ashes, and Examination of Hair, Coins, 
Fire-arms, and Stains, as Applied to Chemical Jurisprudence. For 
the Use of Chemists, Physicians, Lawyers , Pharmacists, and Experts. 
Translated, with additions, including a List of Books and Memoirs 
on Toxicology, etc., from the French of A. Naquet. By J. P. 
Battershall, Ph. D., with a Preface by C. F. Chandler, Ph. D., 
MJ).,LL.D. 
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Presoott's Proximate Organic Analysis. 

12mo. Cloth. $1.75. 

Outlines of Proximate Organic Analysis, for the Identification, 
Separation, and Quantitative Determination of the more commonly 
occurring Organic Compounds. By Albert B. Prescott, Professor 
of Organic and Applied Chemistry in the University of Michigan. 

Prescott's Alcoholic Liquors. 

12mo. Cloth. Sl.Sa 
Chemical Examination of Alcoholic Liquors. — A Manual of the 
Constituents of the Distilled Spirits and Fermented Liquors of Com- 
merce, and their Qualitative and Quantitative Determinations. By 
Albert B. Prescott, Professor of Organic and Applied Chemistry 
in the University of Michigan. 



Pope's Modern Practice of the Electric 

Telegraph. 

mnth Edition. Svo. Goth. $2.00. 

A Hand-book for Electricians and Operators. By Frank L. Popb 
Ninth edition. Revised and enlarged, and fully illustrated. 



Sabine's History of the Telegraph. 

Second Edition. 12mo. Cloth. $1.25. 

History and Progress of the Electric Telegraph, with D»> 
scriptions of some of the Apparatus. By Robert Sabine, C.E. 



Haskins* Gralvanometer. 

Pocket form. Dlustrated. Morocco tucks. $2.00. 

The Galvanometer, and its Uses ; — A Manual for* Electrician! 
and Students. By C. H. Haskins. 



Prescott and Douglas's Ctnalitative Chemi- 
cal Analysis. 

Second Edition. Revised. 8vo. Cloth. $3.50. 
A Guide in the Practical Study of Chemistry and in the Work of Analysis. 

I^arrabee's Secret Letter and Telegraph 

18mo. Clofh. $1.0a 
CtFHBR AND SECRET LbtTER AND TeLEORAPHIG CoDB, with Hogg*t 

ImproTements. By C. S. Larrabee. 
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Gin Tn ore's Limos and Cements. 

imh Editioii. Bevised and Enlarged. 8vo. Cloth. $4.00! 

Practical Treatise on Limes, Hydraulic Cements, and Mor 
TARS. By Q. A. Gillmore, Lt.-CoL U. S. Corps of Engineers 
Brevet Major-General U. S. Army. 



Gillmore's Coignet Beton. 

Nine Plates, Views, etc. 8vo. Cloth. $2.50. 

CoiOKET Beton and Other Artificial Stone. — By Q. A. 6ill« 
more, Lt.-CoL U. S. Corps of Engineers, Brevet Major-General U.S. 
Army. 

Gillmore on Roads. 

Seventy Olustralaons. 12mo. Cloth. $2.0a 

A Practical Treatise on the Construction op Roads, Streets, 
AND Pavements. By Q. A. Gillmore, Lt.-Col. U. S. Corps ol 
Engineers, Brevet Major-General U. S. Army. 



Gillmore's Building Stones. 

8vo. Cloth. SLOQ. 

Report on Strength of the Building Stones in thb United 
States, etc. 

HoUey's Rail^way Practice. 

1 vol. folio. Cloth. $12.00. 

American and European Railway Practice, in the Econoiwical 
Generation of Steam, including the materials and construntion of 
Coal-burning Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Super-beating, Supplying and Heating Feed-wat^r, &c., 
and the adaptation of Wood and Coke-burning Engines to Coal- 
burning; and in Permanent Way, including Road-bed, Sleepers, 
I Rails, Joint Fastenings, Street Railways, etc., etc. By Alexani*er 
L. Holley, B.P. With 77 lithographed plates. 



Usefnl Information for Rail^vay Men. 

Pocket foruL Morocco, gilt. $2.00. 

Compiled by W. G. Hamilton, Engineer. New Edition, Reyised 
and Enlarged. 577 pages. 
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Stuart's Civil and Military Engineers of 

America. 

8vo. niuBtiated. Cloth. $5.00. 
The Civil and Military Engineers of America. By General 
Charles B. Stuart, Author of ** Naval Dry Docks of the United 
States," etc, etc. Embellished with nine finely-executed Portraits 
on steol of eminent Engineers, and illustrated by Engravings of some 
of the most important and oiiginal works constructed in America. 



Ernst's Manual of Military Engineering. 

193 Wood-cutB and 3 Lithographed Plates. 12mo. Cloth. $5.00 
A Manual of Practical Military Engineering. Prepared for 
the use of the Cadets of the U. S. Military Academy, and for Engineer 
Troops. By Capt O. H. Ernst, Corps of Engineers, Instructor in 
Practical Military Engineering, U. S.* Military Academy. 



Simms' Levelling. 



12mo. Cloth. $S.50. 

A Treatise on the Principles and Practice of Levelling, 
showing its application to purposes of Railway Ei\gineering and the 
Construction of Roads, etc. By Frederick W. Simms, C.E. From 
the fifth London edition, Revised and Corrected, with the addition of 
Afr. Law's Practical Examples for Setting-out Railway Curves. 
Illustrated with three lithographic plates and numerous wood-<;uts. 

Jeffers* Nautical Surveying. 

Dlnstrated with 9 Copperplates and 31 Wood-cut IllustratioDs. 8vo. Cloth. $5.0a 

Nautical Surveying. By William N. Jeffers, Captain U. S. 
Navy. 

Text-book of Surveying. 

8vo. 9 Lithograph Plates and several Wood-cuts. Cloth. flS.OO. 

A Text-book on Surveying, Projections, and Portable Instruments, 
for the use of the Cadet Midshipmen, at the U. S. Naval Academy. 

The Plane Table. 

8vo. Cloth. $2.00. 

Its Uses in Topographical Surveying. From the papers of iht 
U. S. CoiMit Survey. 
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Ohauvenet's Liiiiiar Distances. 

8va Cloth. $2.0a 

Nkw Method of Cobrecting Lunar Distances, and Improved 
Method of Finding the Error and Rate of a Chronometer, by equaJ 
altitudes. By Wm. Chauyknet, LL.D., Chancellor of Washington 
University of St Louis. 

Burt's Key to Solar Oompass. 

Second Edition. Pocket-book form. Tuck. $2.60. 

KxT TO THE Solar Compass, and Surveyor's Companion ; comprising 
all the Rules necessary for use in the Field ; also Description of the 
Linear Surveys and Public Land System of the United States, Notes 
on the Barometer, Suggestions for an Outfit for a Survey of Four 
Months, etc. By W. A. Burt, U. S. Deputy Surveyor. 

Ho'ward's Earth.^v'ork Mensuration. 

8yo. niostrated. Cloth. $1.50. 
Earthwork Mensuration on the Basis of the Prismoidai. 
FoRMULJB. Containing simple and labor-saving method of obtaining 
Prismoidai Contents directly from £nd Areas. Illustrated bj 
Examples, and accompanied by Plain Rules for practical uses. By 
CoNWAT R. Howard, Civil Engineer, Richmond, Ya. 



iMorris' Easy Rules. 

78 niuBtrations. Sva Cloth. $1.50. 
East Rules for the Measurement of Earthworl^, by means of 
the Prismoidai Formula. By Elwood Morris, Civil Engineer. 

Clevenger's Surveying. 

Blostrated Pocket Form. Morocco, gilt $2.60. 
A Treatise on the Method of Government Surveying, as 
prescribed by the U. S. Congress and Commissioner of the General 
Land Office. With complete Mathematical, Astronomical, and Prac- 
tical Listructions for the use of the U. S. Surveyors in the Field, and 
Students who contemplate engaging in the business of Publ'c Land 
Surveying. By S. V. Clevenger, U. S. Deputy Surveyor. 

Hewson on Embankments. 

8vo. Cloth. $2.00. 

Principles and Practice of Embanking Lands from Rivei 
Floods, as applied to the Levees of the Mississippi, ^y yfiiJjJkM 
Hewson. Civil Engineer. 
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Minifie's Mecliaiiical DraAV'iiig. 

Ninth Edition. Boyal 8vo. Cloth. $4.00. 

A Text-Book of Geometrical Drawing, for the use of Mechanics 
and Schools. With illustrations for Drawing Flans, Sections, and 
Elevations of Buildings and Machinery ; an Introduction to Isometri- 
cal Drawing, and an Essay on Linear Perspective and Shadows. 
With over 200 diagrams on steeL By William Minifie, Architect. 
With an Appendix on the Theory and Application of Colors. 



Minifie's G-eometrical Drawing. 

New Edition. Enlarged. 12mo. Cloth. $2.00 

Geometrical Drawing. Abridged from the octavo edition, for the 
use of Schools. Illustrated with 48 steel plates. 



Free Hand Dra^wing. 

Profusely Illustrated. 18mo. Boards. 50 cents. 

A GuiDB TO Ornamental, Figure, and Landscape Drawing. By an 
Art Student. 



The Meclianic's Friend. 

12mo. Cloth. 300 Illastrations. $1.50. 
The Mechanic's Friend. A Collection of Receipts and Practical 
Suggestions, relating to Aquaria — Bronzing — Cements — Drawing- 
Dyes — Electricity — Gilding — Glass-working — Glues — Horology — Lao- 
quers — Locomotives — ^Magnetism — Metal- working — Modelling — Pho- 
tography — Pyrotechny — Railways — Solders — Steam-Engine — Tele- 
graphy — Taxidermy — ^Varnishes — Waterproofing — and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with the 
Chemical and Mechanical Arts. By William E. Axon, M.R.S.L. 



Harrison's Mechanic's Tool-Book. 

41 Illastrations. 12mo. Cloth. $1.50. 
BiEGHANTOs' TooL BooK, with Practical Rules and Suggestions, for the 
use of Machinists, Iron Workers, and others. By W. B. Harrison. 

Randall's Quartz Operator's Hand-Book. 

12mo. Cloth. $2.00. 

Quartz Operator's Hand-Book. J^y P. M. Rani>aix. N*V 

9#i^A; f^yl934 ^i^d Enlarge4. Fu^ illustrated 
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Joynson on Machine Q-earing. 

8vo. Cloth. $2.00. 
Thb Mechanic's and Student's Guide in the designing and Con* 
struction of Greneral Machine Gearing, as Eccentrics, Screws, Toothed 
Wheels, etc., and the Drawing of Rectilineal and Curved Surfaces. 
Edited by Francis H. Joynson. With 13 folded plates. 

Silversmitli's Hand-Book. 

Fourth Edition, lllufitxated. 12ina Cloth. $3.00. 

A Practical Uand-Book for Miners, Metallurgists, and Assayen. 
By Julius Silversmith. Illustrated. 



Barnes* Submarine Warfare. 

Svo. Cloth. $5.00. 

Submarine Warfare, Defensive and Offensive. Descriptions 
of the various forms of Torpedoes, Submarine Batteries and Torpedo 
Boats actually used in War. Methods of Ignition by Machinery, 
Contact Fuzes, and Electricity, and a full account of experiments 
made to determine the Explosive Force of Gunpowder under Water. 
Also a discussion of the Offensive Torpedo system, its effect upon 
Iron-clad Ship systems, and influence upon future Naval Wars. By 
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithographic 
plates and many wood-cuts. 

Foster's Submarine Blasting. 

4to. Qoth. $3.60. 
Submarine Blasting, in Boston Harbor, Massachusetts — Removal of 
Tower and Corwin Bocks. By John G. Foster, U. S. £ng. and 
Bvt Major-General U. S . Army. With seven plates. 



Mo^vbray's Tri-Nitro-Q-lycerine. 

8vo. Cloth. Dlustrated. $3.00 
Tri-Nitro-Glyoerine, as applied in the Hoosac Tunnel, and to Sub- 
marine Blasting, Torpedoes, Quarrying, etc. 

Williamson on the Barometer. 

4to. Cloth. $16.00. 
On the Use of the Barometer on Surveys and Regonnais* 
SANCES. Part I. — ^Meteorology in its Connection with Hypsometry. 
Part n. — Barometric Hypsometry. By R. S. Williamson, Bvt 
Lt.-Col. U. S. A., Major Corps of Engineers. With illustrative tables 
and engi'avings. 
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Williamson's Meteorological Tables. 

4ta Flexible Cloth. $2.6a 

Practical Tables in Meteobology and HTPSOMBTRY,inoonnectioii 
with the use of the Barometer. By Col. R. S. Williamson, U.S. A. 



Butler's Projectiles and RLfled Gannon. 

4to. d6 Plates. Cloth. $7.0a 

Pbojectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with Practical Sngges* 
tions for their Improvement. By Capt. John S. Butleb, Ordnance 
Corps, U. S. A. 

Ben6t*s Clironoscope. 

Second Edition, niastrated. 4to. Cloth. $3.00. 

Elbctbo-Ballistic Machines, and the Schultz Chronosoope. By 
Lt-CoL S. y. Ben^t, Chief of Ordnance U. S. A. 



Micliaelis' Olironograph.. 

4to. ninstrated. Cloth. $3.00. 

The Lb Bouleng:^ Chbonogbaph. With three lithographed folding 
plates of illustrations. By Bvt. Captain O. E. Michaelis, Ordnance 
Corps, U. S. A. 

Nugent on Optics. 

12mo. Qoth. $1.60. 

Tbbatise on Optics ; or, Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Industrial Pursuits. 
By E. Nugent. With 103 illustrations. 

Peirce's Analytic Meclianios. 

4to. Cloth. $10.00. 

System of Analytic Mechanics. By Benjamin Peibce, Pro- 
fessor of Astronomy and Mathematics in Harvard University. 



Oraig*s Decimal System. 

Square 32mo. Limp. fiOo. 

Weights and Measubes. An Account of the Decimal System, with 
Tables of Conversion for Commercial and Scientific Uses. By B. Ft 
Cbaig, M.D. 
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Alexander's Dictionary of Weiglits and 

Measures. 

New Edition. Svo. Cloth. $3.6a 
Universal Dictionary of Weights and Measures, Ancient and 
Modern, reduced to the standards of the United States of America. 
By J. H. Alexander. 

Elliot's European Light-Houses. 

51 EngrayingB and 21 Wood-cutB. 8vo. Cloth. $5.00. 
European Light-House Systems. Being a Report of a Tour of 
Inspection made in 1873. By Major George H. Elliot, U. S. 
Engineers. 

S^v^eet's Report on Coal. 

With Maps. 8vo. Cloth. $3.00. 
Spboial Report on Coal. By S. H. Sweet. 



Colburn's Gas Works of London. 

12ma Boards. 60 cents. 
Gab Works of London. By Zerah Colburn. 

Walker's Scre^v Propulsion. 

8vo. Cloth. 75 cents. 

Notes on Screw Propulsion, its Rise and History. By CapL W. H 
Walker, U. S. Navy. 

Pook on Shipbuilding. 

8vo. Cloth, niostrated. $5.00. 

Method of Preparing the Lines and Draughting Yesseli 
Propelled by Sail or Steam, including a Chapter on Laying-ofF 
on the Mould-Ioft Floor. By Samuel M. Pook, Naval Constructor. 

Saeltzer's Acoustics. 

12mo. Goth. $2.00. 
Treatise on Acoustics in connection with Ventilation. By Alex- 
ander Saeltzbb. 



Eassie on AVood and its Uses. 

260 Illustrations. Svo. Cloth. $1.50. 

A HAin)-B00K FOR the Use of Contractors, Builders, Architects, 
Engineers, Timber Merchants, etc., with information for drawing up 
Designs and Esliaislcs. 
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Wanklyn's Milk Analysis. 

12mo. Cloth. $1.00. 

Milk Analysis. A Practical Treatise on the Examination of Milk, 
and its Derivatives, Cream, Butter, and Cheese. By J. Alfbed 
Waniclyn,M.R.C.S. 



Rice & Jolmsoii's Diflferential Functions. 

Faper,12 mo. 50 cents. 

On a New Method op Obtaining the Diffebentials of Func- 
tions, with especial reference to the Newtonian Conception of Bates 
or Velocities. By J. Minot Rice, Prof, of Mathematics, U. S. Navy, 
and W. WooLSET Johnson, Prof, of Mathematics, St. John's 
College, Annapolis. 



CofB.n*s Navigation. 

Fif& Edition. 12mo. Cloth. $3.50. 



ITavioation and Nautical Astbonomy. Prepared for the nse of 
the U. S. Naval Academy. By J. H. C. Coffin, Professor of 
Astronomy, Navigation and Surveying ; with 52 wood-cut illustra- 
tions. 



Clark's Tlieoretical Navigation, 

8vo. Cloth. $3.0a 

Theobetical Navioation and Nautical Astbonomy. By Lewis 
Clabk, Lieut.-Conmiander, U. S. Navy. Illustrated with 41 wood* 
cuts, including the Vernier. 



Toner's Dictionary of Elevations. 

8vo. Paper, $3.00 Cloth, $3,75. 

DiCTIONABY OF ELEVATIONS AND ClIMATIC ReGISTEB OF THE 

United States. Containing, in addition to Elevations, the Latitude, 
Mean Annual Temperature, and the total Annual Rain Fall of many 
Localities ; with a brief introduction on the Orographic and Physical 
Peculiarities of North America. By J. M. Toneb, M.D. 
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VAN NOSTRAND'S SCIENCE SERIES, 

It is the intention of the Publisher of this Series to issue them at 
iutenrals of about a mouth. They will be put up in a uniform, neat, 
and attractive form, 18mo, fauoy boards. The subjects will be of an 
eminently scientifio character, and embrace as wide a range of topics as 
possible, all of the highest character. 

Price, 50 Cants Bach. 

L Chimnktb for Furnaces, Firk-places, and Steam Boilers. By 
R. Armstrong, C.£. 

n. Steam Boiler Explosions. By Zerah Coldurn. 

m. Practical Desionino of Retaining Walls. By Arthur Jacob, 
A.B. With Illustrations. 

IV. Proportions of Pins Used in Bridges. By Charles £• 
Bender, C.E. With Illustrations. 

y. Ventilation of Buildings. By W. F. Butler. With Illustrations. 

VI. On the Designing and Construction of Storage Reservoirs. 
By Arthur Jacob. With Illustrations. 

yn. Surcharged and Different Forms of Retaining Walls. 
By James S. Tate, C.E. 

yin. A Treatise on the Compound Engine. By John Turnbull. 
With Illustrations. 

IX. Fuel. By C. William Siemkns, to which is appended the value of 
Artificial Fuels as Compared with Coal. By John Worm' 
ALD, C.E. 

X. Compound Engines. Translated from the French of A. Mallet. 
Illustrated. 

XL Theory of Arches. By Prof. W. Allan, of the Washington and 
Lee College. Illustrated. 

XII. A Practical Theory of youssoiR Arches. By William CatiTi 
C.E lUuitrated. 
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Xin. A Pbagtioal Tbratisb on the Gasrs Met With nr Coal 
Mines. By the late J. J. Atkinson, GrOTemment Inspector oi 
Mines for the County of Durham, England. 

XIV. Friction of Aib in Mines. By J. J. Atkinson, author of ^ A 
Practical Treatbe on the Gases met with in Coal Mines." 

XY. Skew Arches. By Prof. E. W. Hyde, C.E. Illustrated with 
numerous engravings and three folded plates. 

XVI. A Graphic Method for Solving Certain Algebraic Equa- 
tions. By ProL George L. Yose. With Illustrations. 

XYIL Water and Water Supply. By Prof. W. H. Corfield, 
M.A., of the University College, London. 

XYni. Sewerage and Sewage Utilization. By Prol W. IL 
Corfield, M.A., of the University College, London. 

XIX. Strength of Beams Under Transverse Loads. By Prof. 
W. Allan, author of *< Theory of Arches." With Illustrations 

XX. Bridge and Tunnel Centres. By John B. McMastbrs^ 
C.E. With Illustrations. 

XXL Safety Yaltrs. By Richard II. Buel, C.E. With Illustra- 
tions. 

XXn. High Masonry Dams. By John B. McMasters, C.fi. 
With Illustrations. 

XXIH. The Fatigue of Metals under Repeated Strains, with 
various Tables of Results of Experiments. From the German of 
Prof. LuDWiG Spangenberg. With a Preface by S. H. Shreve, 
A.M. With Illustrations. 

XXI Y. A Practical Treatise on the Teeth of Whkrls, with 
the theory of the use of Robinson's Odontograph. By S. W. Rodin- 
son, Prof, of Mechanical Engineering, Illinois Industrial University. 

XX Y. Theory and Calculations of Continuous Bridges. By 
Mansfield Merriman, C.E* With Illustrations. 

XXYL Practical Tbbatisb on the Profertieb of Continuous 
Bridges. By Charles Bender, C.E. 
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XXVIL Oir BoiiiBR Incbustation and Corrosion. By J. F. Rowan. 

XXVni. On Transmission op Power by Wirb Rofb. By Albert W- 
StahL 

XXIX. Injectors : Their Theory and Use. Translated from tho 
French of M. Leon Pouchet. 

XXX. Terrestrial Magnetism and the Magnetism of Iron Shxfs. 
By Professor Fairman Rogers. 

XXXI. The Sanitary Condition of Dwelling Houses in Town and 
Country. By George E. "Waring, Jr. 



>•• 



IN PRESS. 



Heating and Ventilation in its Practical Apn 
plication for the Use of Engineers and. 
Architects. 

Embracing a Series of Tables and Formulae for dimensions for Heating 
Flow and Return Pipes, for Steam and Hot Water Boilers, Flues, etc., 
etc. By F. Schumann, 0. E. 1 vol. 12mo. Illustrated. 



A Gnide to the -Determination of Rocks. 

Being an Introduction to Lithology. By Edward Jannettaz, Doctuer des 
Sciences. Translated from the French by (Jeo. W. Plympton, Profes- 
sor of Physical Science, Brooklyn Polytechnic Institute. 12mo. 



Shield's Treatise on Engineering 

Constrnction. 

12mo. Cloth. $1.50. 

Embracing Discussions of the Principles involved and Descriptions of the 
Material employed. 
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RECENT WORKS. 



Fanning's Water Supply Engineering. 

8yo. 650 pages. 180 Illustrations. Extra cloth. $6.00. 

A. Practical Tbbatisb on Watbr Supply Engineerino. Relating to 
the Hydrology, Hydrodynamics, and Practical Construction of Water 
Works, in North America. With numerous Tables and Illustrations. 
By J. T. Fanning, C. E. 

Clark's Complete Book of Reference for 
Mechanical Engineering. 

1012 pages. 8vo. Cloth, $7.50. Half morocco. $10.00. 
A Manual of Rules, Tables and Data fob Mechanical Engineers. 
Based on the most recent investigations. By Daniel Kinnear Clark. 
Illustrated ^ith numerous diagrams. 

.Mott's Chemists Manual. 

650 pages. 8yo. Cloth. $6.00. 
A Practical Treatise on Chemistry (Qualitative and Quantitative 
Analysis), Stoichiometry, Blowpipe Analysis, Mineralogy, Assaying, 
Pharmaceutical Preparations, Human Secretions, Specific Gravities, 
Weights and Measures, etc., etc., etc. By Henry A. Mott, Jr., E. M., 
Ph.D. 

Weyranch on Iron and Steel Oonstmctions. 

12mo. Oloth. $1.00. 
Strength and Calculation of Dimensions of Iron and Steel Con- 
structions, with reference to the latest experiments. By J. J. Wey- 
rauch. Ph. D., Professor Polytechnic School of Stuttgart, with four 
folding plates. 

Osbnn's Beilsteins' Chemical Analysis. 

12mo. Cloth. 75 cents. 

An Introduction to Chemical Qualitative Analysis. By F. Bell 
steiiL Third edition, translated by I. J. Osbun. 



Davis and Rae's Hand Book of Electrical 

IDiagrams. 

Oblong 8vo. Extra cloth. $2.00. 
Hand Book ot Electrical Diagrams and Connections. By Charles 
H. Davis and Frank B. Rae, Illustrated with 32 fuU page iUustrationi. 
Second edition. 



D. VAN NOSTRAND. 



The University Series. 

Xo. 1. — Ok thk Physical Basis of Life. By Prof. T. fl. Hitxlbt, 
LL.D., F.R.S. With au introduction by a Professor in Yale College. 
12mo, pp. 36. Paper cover, 25 cents. 

No. 2. — The Corklation of Vital akd Physical Forces. By 
Prof. George F. Barker, M.D., of Yale College. 36 pp. Paper 
coyers, 25 cents. 

STo. 3. — As Regards Protoplasm, in relation to Prof. Huxley's 
Physical Basis of Life. By J. Hutchinson Stirling, F.R.C.S. 
72 pp., 25 cents. 

No. 4. — On the Hypothesis of Evolution, Physical and Meta- 
physical By Prof, Edward D. Cope. 12aio, 72 pp. Paper coyers, 
25 cents. 

No. 5. — Scientific Addresses: — 1. On the Methods and Tendencies 
of Physical Inyestigation. 2. On Haze and Dust. 3. On the Scien- 
tific Use of the Imagination. By Prof. John Tyndall, F.R.S. 
12mo, 74 pp. Paper covers, 25 cents. Flex, cloth, 50 cents. 

No. 6. — Natural Selection as Applied to Man. By Alfred 
Russell Wallace. This pamphlet treats (1) of the Developemeut 
of Haman Races under the Law of Selection; (2) the Limits of 
Natural Selection as applied to Man. 54 pp. 25 cents. 

No. 7. — Spectrum Analysis. Three Lectures by Profs. Roscoe, 
HuGGiNS and Lockyer. Finely Illustrated. 88 pp. Paper covers, 
25 cents. 

No. 8. — The Sun. A sketch of the present state of scientific opinion 
as regards this body. By Prof. C. A. Young, Ph. D. of Dartmouth 
College. 58 pp. Paper covers, 25 cents. 

No. 9. — The Earth a Great Magnet. By A. M. Mayer, Ph. D., 

of Stevens' Institute. 72 pp. Paper covers, 25 cents. Flexible 
cloth, 50 cents. 

No. 10. — ^Mysteries of the Voice and Ear. By Prof. O. N. Rood, 
Columbia College, New York. Beautifully Illustrated. 38 pp^ 
Paper covers, 25 cents. 



The Rebellion Record, 

EDITED BY FRANK MOORE. 
Complete in 12 Volumes. 

Wl tb 158 Steel Eugraved Portraits of Distinguished Generals and Prominent Men; 
together with numerous Maps and Plans of Battles. 



THE REBELLION RECORD. Containing a fuU and concise Diary 
of Events, from the meeting of the South Carolina Convention in 
December, 1860, to the close of th6 War of the Rebellion, together 
•with Official Reports of both Federal and Confederate State Officers, 
and Narratives of all the Battles and Skirmishes that occurred. 12 
vols., cloth, $60.00 ; library sheep, $72.00 ; half calf, antique, $78.00 ; 
half morocco, $78.00 ; half russia, $84.00. 

\* Single volumes to complete sets furnished at the same rates. 

There are very few men of ordinary intelligence, and possessing an 
ordinary share of interest in the war which for a long period so entirely 
engrossed the public attention, who have not very often desired to fix 
the date of some important battle, some change of commanders, or the 
issue of some noteworthy proclamation. There are fewer still who 
would not feel an interest in recmTing to the vivid description of some 
important engagement by sea or land, in which mayhap a kinsman or 
friend participated. 

THE REBELLION RECORD has, as we believe, a claim to a very 
wide circulation on the following grounds: its accuracy, its impartiality, its 
completeness, its preservation of all the materials for a future history of 
the struggle, its connected diary, its valuable documents, its interesting 
collection of incidents, its garnering up the poetry called out by the war, 
and its unique character, as the only work of its kind. 

THE REBELLION RECORD has now become so firmly established 
as the standard authority of the war, that individuals in all departments 
of the Army, Navy, and Government, are constantly referring to it, for 
narratives of important events, and official reports unpublished elsewhere. 

This work is a compendium of information, made up of special correspondence, 
official reports, and gleanings from the newspapers of both sections of the United 
States and of Europe. Of these latter, over five hundred are used in its prepara- 
tion. 
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V^AN NOSTEAND'S MAGAZINE consists of Articles, Original 
and Selected, as also Matter condensed from all the Engineering 
Serial Publications of Europe and America. 

SIXTEEN VOLUMES NOW COMPLETE. 

, Notice to Nbw Subscribers. Persons commencing their sub- 
scriptions with the Seventeenth Volume (July, 1877), and who are 
desirous of possessing the work from its commencement, will be 
supplied with Volumes I. to XVL, inclusive, neatly bound in cloth, 
for |43. Half morocco, $66.50, Sent free by mail or express on 
receipt of price. 

Notice to Clfbs. — An extra copy will be supplied, gratis, to 
every Olub of five subscribers, at $5.00 each, sent in one remits 
tance. 

This magazine is made up of copious of reprints from the leading scien- 
tific periodicals of Europe, together with original articles. It is extremely 
well edited, and cannot fail to prove a valuable adjunct in promoting the 
engineering skill of this country. — New York World. 

No person interested in any of the various branches of the engineering 
profession can afford to be without this magazine. — Telegrapher. 

The most useful engineering periodical extant, at least for American 
readers. — Chemical News. 

' As an abstract and condensation of current engineering literature thij 
magazine will be of great value, and as it is the first enterprise of th^ 
kind in this country, it ought to have the cordial support of the engineer 
ing profession, and all interested in mechanical or scientific progress.— 
Iron Age. 

It is, in truth, as the publisher asserts, ** a novelty in engineering liter- 
ature," filling a place, and answering a legitimate demand, hitherto un- 
supplied. Its object is, in brief, to present not specimens but abstracts— 
the net results—of aU current fact and opinion in engineering literature. 
'^Chicago Ba/ikoay Beview, 
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Benton^s Ordiiaiic5e and Ounnery^ 

FoiuthEdillom, Revised and Enlaiged. Sro. Cloth. $5.00. 

OjtDiTANCB ANB GuNiTEBT. A CouTse of InstnutioiL in Ordsftnce 
andOuimerT. Compiled for the use of the Cadets of the U. S. Militarj 
Acadeiny, by CoL J. G. Bextots^ Major Ordnance Dep. , late Instructor 
of Ordnance And Gunnery, Military Academy, West Point. Ilhis- 
tirated. 

Holley^s Ordnance and Armor* 

Syo. Half fioaa, $10.0a Half fiossia^ $12.0a 
A Tbilitise ov Otohsaxce xisd AsacoB. With an Appendix, refer- 
ring to Gun-Ck)tton, Hooped Guns, etc., etc By Alexander JL Holley, 
B. P. With 493 illustrations. M8 pages. 

Soott^s Militaiy Dictionary. 

6?o, Half Iloan, ^aM. Half ftusda, $8.00. Fu]1Moik>cco,$10.00i 
MiiJTART DicTiONABT. Comprising Technical Definitions; In£onn»* 
tioa on Baising and Keeping l^oops; Lav, Govemment, Begu» 
lation, and Administration relating to Land Forces. By CoL H« L. 
Soott,U.S.A. IvoL Fully ilkLstrated« 

Roemer's Cavalry^ 

em Gk(Qi,$6.0Q. Half Calf, $7 JML 
Catalrt: Its History, Management;, and Uses or Wax. By J. 
Eoemer, LL.D., late an officer of Caratry In the Service of the Kether- 
lands* Elegantly illustrated with one hundred and twenty«even fine 
wood engravings. Beaatifnllj printed on tinted {»aper« 
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Michaelis' dironogi^aph. 

4to. lUufltrated. Qoth. $3.0a 
The Le Boulenge Chronograph. With three lithographed folding 
plat?a of illustrations. By Brevet Capt. O. E. Michaelis^ First Lieu- 
tenaut Ordnance Corps, U. S. Army. 

Benet's Chronoscope. 

Second Edition. Ulnstratod. 4to. Cloth. $3.0a 
Electro-Ballistic Machines., aud the Schultz Chronoseope. By 
GenL S. Y. Bendt, Chief of Ordnance, U. S. Army. 



Doifour's Principles of Strategy and Grancl 

Tactics. 

12mo. Cloth. $3.00. 
The Princiitles op STRATEaY ani> Grand Tactics. Translated 
from the French of General G. H. DufoUr, By William P. Craighill, 
U. S. £ngr. , and late Assistant Professor of Engineering, Military 
Academy, West Point. From the last French edition. lUastrated^ 



Jomini's Life of the Emperor Napoleon. 

4 Tolfl. 8vo., and Atlas. Cloth. Half Calf. 

Military and Political Life of the Emperor Napoleon. By 
Baron Jomini, General-in-Chief and Aid-de-Camp to the Emperor of 
Russia. Translated from the French, with Notes, by H. W. Halleck^ 
LL.D., Major-General U. S. Army. With 60 Maps and Plans. 

Jomini' s Campaign of Waterloo* 

Third Edition. 12mo. Qoth. $1,26. 
«E Political and Military History op the Campaign of Wa- 
terloo. Translated from the French of General Baron de Jomini, by 
Crenl. S. v. Benet,. Chief of Ordnance^ 



Jomini's Grand Military Operations. 

2 vols. Syow, and Atlas. Cloth', $15.00. Half Calf or Moiocoo, $21. Half Russia, 

$22.50. 

Treatise on Grand Military Operations, Illustrated by a Critical 
and Military History of the Wars of Frederick the Great With & 
Summary of the Most Important Principles of the Art of War. By 
Baron de Jomini. Illustrated by Maps and Plans. Translated from 
the French by CoL S. B. Holabird^ A. D. C.^ U. S. Army. 
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Rodenbough's Everglade to Canon. 

Royal 8vo. Illustrated with Chromo-Lithographs. Extra Cloth. $7,60. 
Everglade to Canon, with the Second Dragoons (Second U. S. Cav- 
alry), an authentic account of service in Florida, Mexico, Virginia and 
the Indian Country, including Personal Recollections of Distinguished 
Officers. By Theo. F. Rodenbough, Colonel and Brevet Brigadier- 
General, U S. Army. 

History of Brevets. 

Crown 8vo. Extra Cloth, $3.60. 
The History and Legal Effects of Brevets in the Armies of 
Great Britain and the United States, from the origin in 1692 until the 
present time. By G^n. James B. Fry, U. S. Army. 



Barre DTiparcq's Military Art and History. 

8vo. Qoth. $5.00. 
Elements of Military Art And History. By Edward de la Barr^ 
Duparcq, Chef de Bataillon of Engineers in the Army of France, and 
Professor of the 'Military Art in the Imperial School of St. Cyr. 
Translated by Colonel Geo. W. Cullum, U. S. E. 

Discipline and Drill of the Militia. 

Crown 8 vo. Flexible cloth. $3.00. 

The Discxflikb and Drill of thb Militia. By Major Frank S. 
Arnold, Assistant Quartermaster-General, Rhode Island. 



Wallen's Service Manual. 

12mo. Cloth. $1.50. 
Service Manual for the Instruction of newly appointed Commissione<) 
Officers, and the Bank and File of the Army, as compiled from Army 
Regulations, The Articles of War, and the Customs of Service. By 
Henry D. Wallen, Bvt. Brigadier-General U. S. Army. 

Boynton's History of West Point. 

Second Edition. 8vo. Fancy Cloth. $3.50. 
History op West Point, and its Military Importance during the 
. American Revolution ; and the Origin and Progress of the United 
States Military Academy. By Bvt. Maj. Edward C. Boynton, A. M, 
Adjutant of the Militaiy^cademy. ^ With 36 Maps and Engraving 
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Wood's West Point Scrap-Book. 

8vo. Extmaoth. $6.00 
The West Point Scraf^Book. Being a Collection of Legends, Stories, 
Sougs, &c. By Lieut O. E. Wood, U. S. A. With 69 wood-cut 
Illustrations. Beautif uUy printed on tinted paper. 

West Point Life. 

Oblong 8to, Cloth« $2.60, 
West Point Life. A Poem read before the Dialectic Society of the 
United States Military Academy. Illustrated with twenty-two full- 
page Pen and Ink Sketches. By A Cadet. To which is added the 
song, << Benny Havens, Ohl'' 

Gillmore's Fort Sumter. 

Syo. Goth. $10,00. Half Bassia, $12.00. 
Gillmobe's Fort Sumter. Official Report of Operations against the 
Defences of Charleston Harbor, 1863. Comprising the descent upon 
Morris Island, the Demolition of Fort Sumter, and the siege and 
reduction of Forts Wagner and Gregg. By Maj.-Gen. Q. A. Gill- 
more, U. S. Engineers. With 76 lithographic plates, views, maps, etc. 

Gillmore*s Supplementary Report on Fort 

Sumter. 

8vo. Cloth. $6.00, 
Supplementary Report to the Engineer and Artillery Operations 
against the Defences of Charleston Harbor in 1863. By Maj.-Gren. Q. 
A. Gillmore, U. S. Engineers. With Seven Lithographed Maps and 
Views. 



Oillmore's Fort Pulaski. 

8to. Cloth. $2,60 

SiEOE AND Reduction op Fort Pulaski, Georgia. By Maj.-Gen. 

Q. A. Gillmore, U. S. Engineers. Illustrated by Maps and Views. 



Barnard and Barry's Report. 

8vo. Cloth, $4.0a 
Report of the Engineer and Artillery Operations op the 
Army of the Potomac, from its Organization to the Close of the 
Peninsular Campaign. By Maj.-Gen. J. G. Barnard, U. S. Engineers, 
and Maj.-Gen. W. F. Barry, Chief of Artillery. Dlustrated by 18 
Max>8, Plans, &c. 
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Oxiide to West Point. 

18mo. Flexible Cloth, $1,00. 
Guide to West Point and the U. S. Military Academy. With 
Maps and Engravings. 



Barnard's C. S. A., and the Battle of Bnll 

Run. 

Svo, Cloth, $2.00, 
The "C. S. A.," and the Battle of Bull Run. By Maj.-Gen. J. G. 
Barnard, U. S. Engineers. With five Maps. 

Barnard's Peninsnlar Campaign. 

8vo, Qoth. $1.00. 12mo. Paper. dOc 
The Peninsular Campaign and its Antecedents, as developed by 
the Report of Maj.-Gen. Geo. B. McClellan, and other published 
Documents. By Maj.-Gen. J. G. Barnard, U. S. Engineers. 



Barnard's Notes on Sea-Coast Defence. 

8vo. Cloth. $2.00. 
Notes on Sea-Coast Defence: Consisting of SearCoast Fortifica- 
tion; the Fifteen-Inch Gun; and Casemate Embrasure. By Major- 
Gen. J. G. Barnard, U. S. Engineers. With an engraved Plate of 
the 15-inch Gun. 



Henry's Military Record of Civilian 
Appointments, U. S. A. 

2 Vols. 8va Qoth. $10.00. 

Military Record of Civilian Appointments in the United 
States Army. By Guy V. Henry, Brevet-Colonel U. S. A. 

Harrison's Pickett's Men. 

12mo. Cloth. $2.00. 
Pickett's Men. A Fragment of War History. By Col. Walter Han 
rison. With portrait of Gen. Pickett. 



Todleben's Defence of Sebastopol. 

12mo. Cloth. $2.00. 
Todleben's (General) History of the Defence of Sebastopol. 
By William Howard Russell, LL.D., of the London Times. 
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Hotclikiss and Allan's Battle of Chancellors- 

ville. 

8Ta Cloth. $6.0a 
The Battlb-fields of Virginia. Chancellorsville, embracing the 
Operations of the Army of Northern Virginia. From the First Battle 
of Fredericksburg to the Death of Lt.-Gen. T. J. Jackson. By Jed. 
Hotchkiss and William Allan. Illustrated with five Maps and Por> 
trait of Stonewall Jackson. 



Andrews' Campaign of Mobile. 

8vo. Cloth. $a5a 
The Campaign of Mobile, including the Co-operation of Greneral 
Wilson's Cayalry in Alabama. By Brevet Maj.-Gen. C. C. Andrews. 
With five Maps and Views. 



Stevens' Three Years in the Sixth Corps. 

New and Revised Edition. 8vo. Cloth. $3.00 

Three Years in the Sixth Corps. A concise narrative of events in 

the Army of the Potomac from 1861 to the Close of the Rebellion. 

April, 1865. By Geo. T. Stevens, Surgeon of the 77th Regt. New 

York Volunteers. Illustrated with 17 engravings and six steel portraits. 

Lecomte's War in the United States. 

12ma Qoth. $1.0a 
The War in the United States. A Report to the Swiss Military 
Department. By Ferdinand Lecomte, Lieut.- Col. Swiss Confedera 
tion. Translated from the French by a Staff Officer. 



Roberts' Hand-Book of Artillery. 

16mo. Morocco Clasp. $2.00. 
Hand-Book op Artillery. For the service of the United States 
Army and Militia. Tenth edition, revised and greatly enlarged. By 
Joseph Roberts, Lt.-Col. 4th Artillery and Brevet. Maj.- General U S, 
Army. 



Instructions for Field Artillery. 

12ma Clotli. $3.0a 
Instructions for Field Artillery. Prepared by a Board of Artil 
leiy Officers. To which is added the ** Evolutions of Batteries,*' 
.: translated from the French, by Brig.-6en. R. Anderson, U. S. A. l!22 
plates. 



D. VAN JSCSTRANV. fil 



Heavy Artillery Tactics. 

12mo. Cloth. $2.60. 
Heavy Artillery Tactics. — 1863. Instructions for Heavy Artillery; 
prepared by a Board of Officers, for the use of the Army of the United 
States. With service of a gun mounted on an iron carriage and 39 
plates. 



Andersons' Evolutions of Field Artillery. 

24mo. Cloth. $1.0a 
Evolutions of Field Batteries op Artillery. Translated from 
the French, and arranged for the Army and Militia of the United 
States. By Gen. Robert Anderson, U. S. A. Published by order of 
the War Department. 33 plates. 



Duane's Manual for Engineering Troops. 

12mo. Half Morocco. $2.50. 
Manual for Engineer Troops : Consisting of — Parti. Ponton Drill; 
II. Practical Operations of a Siege; III. School of the Sap ; IV. Mili- 
tary Mining ; V. Construction of Batteries. By General J. C. Duane, 
Corps of Engineers, U. S. Army. With 16 plates and numerous wood- 
cut illustrations. 



Cnllnni's Military Bridges. 

8vo. Ooth. $3.60. 
Systems of Military Bridges, in use by the United States Army, 
those adopted by the Great European Powers ; and such as are em- 
ployed in British India. With Directions for the Preservation, 
Destruction, and Re-establishment of Bridges. By Col. George W. 
Cullum, U. S. E. With 7 folding plates. 



Mendell's Military Surveying. 

12nia Ooth. $2.0a 
A Treatise on Military Surveying. Theoretical and Practical, 
including a description of Surveying Instruments. By G. H, Mendell, 
Major of Engineers. With 70 wood-cut illustrations. 



Abbot's Siege Artillery Against Riclimond. 

8vo. Qoth. $a5a 
Siege Artillery in the Campaign Against Richmond. By Heniy 

L. Abbot, Major of U. S. Engineers. Illustrated. 
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Haupt's Military Bridges.* 

8to. ClofCh. $6.6a 
Military Bridges ; For the Passage of Infantry, Artillery and Bag^- 
gage Trains; with saggpstions of many new expedients and construc- 
tions for crossing streams and chasms. Including also , designs for 
Trestle and Truss-Bridges for Military Railroads, adapted specially to 
the wants of the Service of the United States. By Herman Haupt, 
Brig.-Gen. U. S. A., author of ^* General Theory of Bridge Construo- 
tions," &c. Illustrated by 69 lithographic engravings^ 



Lendy's Maxims and Instructions on tlie 

Art of War. 

ISma Cloth. 75c. 
Maxims and Instructions on the Art of War. A Practical 
Military Guide for the use of Soldiers of All Arms and of all Coun- 
tries. Translated from the French by Captain Lendy, Director of the 
Practical Military College, late of the French Staff, etc., etc. 



Benet's Military La\\^ and Courts-Martial 

Sixth Edition, Revised and Enliaiged. 8vo. Law Sheep. $4.50. 
Benet's Military Law. A Treatise on Military Law and the Prao* 
tice of Courts-Martial. By Gen. S. V. Benet, Chief of Ordnance U. S. A., 
late Assistant Professor of Ethics, Law, &c.. Military Academy, West 
Point. 

Liippitt's Special Operations of War* 

Illustiated. 18ma Qofh. $1.0a 



Lappitt's Field Service in War, 

12ma Cloth. $1.00. 



Lippitt's Tactical Use of the Three Arms, 

12mo. Goth. $1.00. 



Xiippitt on Intrenchments, 

41 Engravings. 12mo. Cloth. $1.25. 

Kelton's New Bayonet Exercise. 

Fifth Edition. Revised. 12mo. Cloth. $2.00. 
Kew Bayonet Exercise. A New Manual of the Bayonet, for the 
Army and Militia of the United States. By General J. C. Keltou 
tJ« S. A. With 40 beautifully engraved plates. 
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Craigliill's Army Officers* CorDpanion. 

ISmo. Full BoaD. 82.0a 
Thb Army Officers' Pocket Companion. Principally designed for 

Staff Officers in the Field. Partly translated from the French ot 
^ M. de Rouvre, Lieut-Col. of the French Staff Corps, with additions 

from Standard American, French, and English authorities. By Wm. 

P. Craighill, Major U. S. Corps of Engineers, late Assistant Professor 

of Engineering at the U. S. Military Academy, West Point. 

Casey's TJ. S. Infantry Tactics. 

3 Tols. 24mo. Goth. ^.5a 
U. S. Infantry Tactics. By Brig.-Gen. Silas Casey, U. S. A. 8 vols., 
24mo. Vol. I. — School of the Soldier; School of the Company; In- 
struction for Skirmishers. VoL 11. — School of the Battalion. VoL 
III. — Evolutions of a Brigade; Evolutions of a Corps d'Arm^e. 
Lithographed plates. 

United States Tactics for Colored Troops. 

24mo. Cloth. SUKX 
U. S. Tactics for Colored Troops. U. S. Infantry Tactics for the 
use of the Colored Troops of the United States Infantry. Prepared 
under the direction of the War Department. 



Morris' Field Tactics for Infantry, 

Dinstiated. 18mo. Cloth. 75c. 
Field Tactics for Infantry. By Brig.-Gen. Wm. H. Morris^ U. St 
Vols., late Second U. 8. Infantry. 

Monroe's Liglit Infantry and Company I>rilL 

d2mo. Cloth. 75c. 
Light Infantry Company and Skirmish Drill. Bayonet Fencing ; 
^ith a Supplement on the Handling and Service of Light Infantry. 
By J. Monroe, Col. Twenty-Second Regiment, N. G., N. Y. S. M. for- 
merly Captain U. S. Infantry. 

Berriman's Sword Play. 

Fomih Edition. 12ma Cloth. $1.0a 
6word-Play. The Militiaman's Mannal and Sword-Flay withont a 
Master. Rapier and Broad-Sword Exercises, copiously explained and 
illustrated; Small- Arm Light Infantry Drill of the United States 
Army ; Infantry Manual ot Percussion Musket ; Company Drill of the 
United i^iates Cavalry. By Major M. W. Berriman. 
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Morris' Infantry Tactics. 

2 vols. 24ma $2.00. 2 vols, in 1. Cloth. $1.50. 
INFANTRY Tactics. By Brig. -Gen. William H. Morris, U. S. Vols, 
and late U. S. Second Infantry. 



Le Gal's Scliool of the Guides. 

16mo. Cloth. 60c. 
The School or the Guides. Designed for the use of the Militia of 
the United States. By Col. Eugene Le GaL 

Duryea's Standing Orders of tlie Seventh. 

Regiment. 

New Edition. 16mo. Cloth. 50c. 
Standing Orders of the Seventh Regiment National Guards. 
By A. Duryea, Colonel. 

Heth's System of Target Practice. 

18mo. Cloth. 76c. 
System of Target Practice ; For the use of Troops when armed 
with the Musket, Rifle-Musket, Rifle, or Carbine. Prepared princi- 
pally from the French, by Captain Henry Heth, Tenth Infantry, 
U. S. A. 



Wilcox's Riiies and Rifle Practice. 

New Edition. Illustrated. 8ya Cloth. $2.0a 
Rifles and Rifle Practice. An Elementary Treatise on the Theory 
of Rifle Firing ; with descriptions of the Infantry Rifles of Europe 
and the United States, their Balls and Cartridges. By Captain C. M. 
Wilcox, U. S. A. 



Viele's Hand-Book for Active Service. 

12mo. Cloth. $1.00. 
IIand-Book for Active Service, containing Practical Instructions in 
Campaign Duties. For the use of Volunteers, By Brig.-Geu. Egbert 
L. Viele, U. S. A. 



Nolan's System for Training Cavalry Horses. 

24 Plates. Cloth. $2.00. 
Nolan's System for Training Cavalry Horses. Ey Kenner Gar- 
rard, Bvt. Brig.-Gen. U. S. A. 
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Arnold's Cavalry Service. 

niustiated. 18mo. Cloth. 75c 
Notes on Horses for Cavalry Service, embodying the Quality, 
Purchase, Care, and Diseases most frequently encountered, with lessons 
for bitting the Horse, and bending the neck. By Bvt. Major A. K. 
Arnold, Capt. Fifth Cavalry, Assistant Instructor of Cavalry Tactics, 
U. S. MiL Academy. 

Cooke's Cavalry Practice. 

100 Illustrations. 12mo. Cloth. $1.00. 
Cavalry Tactics; Regulations for the Instruction, Formation and 
Movements of the Cavalry of the Army and Volunteers of the United 
States. By Philip St. George Cooke, Brig.-Gen. U. S. A. 
This is the edition now in use in the U. S. Army. - 



Patten's Cavalry Drill. 

93 Engravings. 12mo. Paper. 50c. 
Cavalry Drill. Containing Instructions on Foot ; Instructions on 
Horseback ; Basis of Instruction ; School of the Squadron, and Sabre 
Exercise. 



Patten's Infantry Tactics. 

92 Engravings. 12mo. Paper. 60c. 
Infantry Tactics. School of the Soldier ; Manual of Arms for the 
Kifle Musket ; Instructions for Recruits, School of the Company ; 
Skirmishers, or Light Infantry and Rifle Company Movements ; the 
Bayonet Exercise ; the Small- Sword Exercise ; Manual of the Sword 
or Sabre. 

Patten's Infantry Tactics. 

Revised Edition. 100 Engravings. 12mo. Paper. 75c. 
Infantry Tactics. Contains Nomenclature of the Musket; School 
of the Company ; Skirmishers, or Light Infantry and Rifle Company 
Movements ; School of the Battalion ; Bayonet Exercise ; Small Sword 
Exercise ; Manual of the Sword or Sabre. 

Patten's Army Manual. 

8vo. aoth. $2.00. 
Army JklANiTAL. Containing Instructions for Officers in the Preparation 
of Rolls, Returns, and Accomits required of Regimental and Company 
Commanders, and pertaining to tlie Subsistence and Quartermaster's 
Depai'tment, £vc., &o. 
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Patten's Artillery Drill.! 

12mo. Fftper. 60c. 
Artuxert Drill. Containing instruction in the School of the Piece, 
and Battery Manoeuyres, compiled agreeably to the Latest Regulations 
of the War Department. From Standard Military Authority. By 
George Patten, late U. S. Army. 

Andrew^s' Hints to Company Officers. 

ISmo. Cloth. 60c. 
Hints to Company Officers on their Military Duties. By 
General C. C. Andrews, Third Regt, Minnesota Vols. 

Thomas' Rifled Ordnance. 

FifUi Edition, Bevlsed. DluBtrated. 8vo. aoth. $2.00. 
HiFLED Ordnance ; A Practical Treatise on the Application of the 
Principle of the Rifle to Guus and Mortars of every calibre. To which 
is added a new theory of the initial action and force of Fired Gun- 
powder. By Lynall Thomas, F. R. S. L. 

BrinkerlioflF's Volunteer Quartermaster. 

12mo. aoih. $2.50. 
The Volunteer Quartermaster. By Captain R. Brinkerhoff, Post 
Qaartermaster at Washington. 

Hunter's Manual for Quartermasters and 

Commissaries. 

12mo. Cloth. $1.25. Ilexible Morocco, $1.50. 
Manual for Quartermasters and Commissaries. Containing 
Instructions in the Preparation of Vouchers, Abstracts, Return?;, etc. 
By Captain R. F. Hunter, late of the U. S. Army. 12mo. Cloth. 
91.25. 

Orreener's Qunnery. 

8vo. Glotli. $4.00. Full Calf. $6.0a 
GuNNER-if IN 1858. A Treatise on Rifles, Cannon, and Sporting Anns. 
By W'm. Greener, R. C. E. 

Head's System of Fortifications. 

niastrated. 4to. Paper. $1.00. 
A New System of Fortifications. By George E. Head, A. M., 
Capt. Twenty-Ninth Infantry, and Bvt. Major U. S. A. 
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Experiments on Metal for Cannon. 

4to. 25 Plates. Qoth. $10.0a 
Kepobts of Experiments on the Strength and other Properties 
OF Metals for Cannon ; with a Description of the Machines for 
Testing Metals, and of the Classification of Cannon in Service. By 
Officers of the Ordnance Department U. S. Army. Published by author- 
ity of the Secretary of War. 

Rodman's Experiments on Metals for Can- 
non and Powder. 

4to. 60 Plates. Cloth. $iaOO. 
Beports of Experiments on the Properties of Metals for 
Cannon and the Qualities of Cannon Powder ; with an Ac- 
count of the Fabrication and Trial of a 15-inch Gun. By Captain T. 
J. Rodman, of the Ordnance Department of U. S. Army. Published 
by authority of the Secretary of War. 



Norton's Report on the Munitions of War. 

80 Illustrations. 8vo. Cloth. Extra. $3.50. 
Report to the Government of the United States on the Mu- 
nitions OF War exhibited at the Paris Universal Exhibition, 1867. 
By Charles B. Norton, U. S. V., and W. J. Valentine, Esq., U. S. 
Commissioners. 



Lieber's Instructions for Armies. 

12mo. Paper. 25 cents. 
Instructions for the Government of Armies of the U. S. in thk 
Field. Prepared by Francis Lieber, LL.D. 

Ordronanx's Manmal for Military Surgeons. 

12mo. Half Morocco. $1.50. 
Manual of Instructions for Military Surgeons, in the Examin- 
ation of Recruits and Discharge of Soldiers. Prepared at the request 
of the United States Sanitary Commission. By John Ordronaux, M.D.. 
Professor of Medical Jurisprudence in Columbia College, New York. 

The Automaton Company. 

In Box $1. 25. When sent by mail $1.94. 
The Automaton Company; or, Infantry Soldiers' Practicai 
Instructor. For all Company Movements in the Field. By G. 
pottglaA Brewerton^ V^ §• AfBiJt 



88 MILITARY BOOKS PUBLISHED BY 



The Automaton Battery. 

In Box $1.00. When sent by maU $1.30. 
The Automaton Battery; or, Artillerist's Practical In- 
structor. For all Mounted Artillery Manoeuvres in the Field. By 
G. Douglas Brewerton, U. S. A. 

The Automatoii Regiineiit. 

In Box 81.00. When sent by mail $1.33. 
The Automaton Regiment; or, Infantry Soldiers' Practical 
Instructor. For all Regimental Movements in the Field. By. G. 
Bouglas Brewerton, U. S. A. 



Q-rafton on tlie Camp and March.. 

12ma Cloth. 75c. 
A Treatise on the Camp and March. With which is connected 
the Construction of Field- Works and Military Bridges. By Captain 
Henry D. Grafton, U. S. A. 



Gen. McClellan*s Report of tlie Army of tlie 

Potomac. 

8vo. Cloth. $1.00. Paper. 50 cents. 
Report of the Army of the Potomac, of its operations while 
under his command. With Maps and Plans. By General Geo. B. 
McClellau, U. S. A. 



Moore's Portrait Gallery of tlie War. 

1 vol. 8m Cloth. $6.00. Half Call $7.50. 

Portrait Gallery of the War, Civil, Military, and Naval. 

A Biographical Record. Edited by Frank Moore. Illustrated with 60 
fine portraits on steel. 



Butler's Projectiles and Rifled Gannon. 

4to. 36 Plates. Cloth. $7.50. 
Projectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with practical suggestions 
for their improvement, as embraced in a report to the Chief of Ord- 
nance, U. S. Army. By Capt. John S. Butler, Ordnance Corps, U. S. A. 



Sergeant's Roll Book:. 

Pocket-book form. $1.25. 
Setige ant's Roll Book, fou the CqmPA^'T? P^^TA??' And Squad. 
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Luce's Seamansliip. 

Fomth Edition. Crown 8vo. Revised and Improved. IHostrated by 89 fnil-page 
copi)er-plate engravings. Svo. Half Roan. $1J50, 

Skamanship. For the use of the United States Naval Academy. By 
Capt. S. B. Luce, U. S. N. 1 vol., crown octavo. 

Text-Book at the U. S. Naval Academy, Annapolis 



Barnes' Submarine Warfare. 

With 20 Lithographic Plates, and many Wood-cuts. Svo. Cloth. $5.00. 
Submarine Warfare, Defensive And Offensive. Comprising a 
Full and complete History of the inventioii of the Torpedo, its em- 
ployment in War, and results of its use. Descriptions of the various 
forms of Toi-pedoes, Submarine Batteries and Torpedo Boats actually 
used in War. By Lieut. -Commander John S. Barnes, U. S. N. 



Jeffers' Nautical Surveying. 

Illustrated with 9 Copperplates and 31 Wood-cut Illustrations. Svo. Cloth. ^5.00. 
Nautical Surveying. By William N. Jeffers, Captain U. S. Navy. 



Cof&n's Navigation. 

Fifth Edition. 12mo. Ooth. $a5a 
Navigation and Nautical Astronomy. Prepared for the use of the 
U. S. Naval Academy. By J. H. C. Coffin, Prof, of Astronomy, Navi- 
gation and Surveying, with 52 wood-cut illustrations. 

Text Book of Surveying. 

8vo. 9 Lithograph Plates and several Wood-cuts. Illustrated. Cloth. $2.00. 
A Text Book on Surveyinof, Projections and Portable Listruments for 
the use of the Cadet Midshipmen at the U. S. Naval Academy. 
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Clark's Navigatien. 

lUustiated. 8va Cloth. $3.00. 
Theoretical Navigation and Nautical Abtronomt. By Lewis 
Clark, Lieut-Commander U. S. Navy. 

Simpson's Ordnance and Naval Gunnery. 

Fifth Edition, Revised and Enlarged. lUuatiated with 185 Engravings. 8va 

Cloth. $5.oa 

A Treatise on Ordnance and Naval Gunnery. Compiled and 

arranged as a Text-Book for the U. S. Naval Academy, by Commander 

Edward Simpson, U. S. N. 

Young Seaman's Manual. 

8vo. Half Roan. $3.00. 
The Touno Seaman's Manual. Compiled from various authorities^ 
and illustrated with numerous original and select designs. For the uso 
of the U. S. Training Ships and the Marine Schools. 

Har wood's Naval Courts-Martial. 

8vo. Law-sheep. $4.00. 
Law and Practice op United States Naval Courts-Martial 
By A. A. Harwood, U. S. N. Adopted as a Text-Book at the U. S. 
Naval Academy. 

Parker's Squadron Tactics. 

Illustrated by 77 Plates. 8vo. Qoth. $5.00. 
Squadron Tactics Under Steam. By Foxhall A. Parker, Commo- 
dore U. S. Navy. Published by authority of the Navy Department. 

Parker's Fleets of tlie World. 

8va 9 Illustrations. Qoth, extra. $5.00 
TiiK Fleets op the World. The Galley Period. By Foxhall A. Parker, 
Commodore U. S. Navy. 

Parker's Fleet Tactics. 

18mo. Qoth. $2.50. 
Fleet Tactics Under Steam. By Foxhall A. Parker, Commodore 
U. S. Navy. Illustrated by 140 wood-cuts. 

Parker's Naval Ho^svitzer Ashore. 

26 Plates. 8vo. Cloth. $4.00. 
The Naval Howitzer Ashore. By Foxhall A. Parker, Commo- 
dore U. S. Navy. AVith phites. Approved by the Navy Department 



D. VAN NOSTBAND. 41 

Parker's Naval Howitzer Afloat. 

32 Plates. Sva Cloth. $4. (NX 
The Naval Howitzer Afloat. By Foxhall A. Parker, Commo- 
dore U. S. Navy. With plates. Approved by the Navy Department. 

Brandt's Gunnery Catecliisni. 

Revised Edition. lUiistnited. 18mo. Qoth. $1.50. 
Gunnery Catechism. As applied to the service of the Naval Ord 
nance. Adapted to the latest Official Regulations, and approved by 
the Bureau of Ordnance, Navy Department. By J. D. Brandt, for- 
meHy of the U. S. Navy. 



Ordnance Instructions for tlie United States 

Navy. 

XUastrated. 8va Cloth. $5.00. 

Ordnance Instructions for the United States Navy. Part I, 
Relating to the Preparation of Vessels of War for Battle, and to the 
Duties of Officers and others when at Quarters. Part II. The Equip- 
ment and Manoeuvre of Boats, and Exercise of Howitzers. Part III. 
Ordnance and Ordnance Stores. Published by order of the Navy De- 
partment. 



Barrett's Gunnery Instructions. 

12mo. aoth. $1.25. 
Gunnery Instructions. By Capt. Edward Barrett, U. S. N., Infltmctor 
of Gunnery, Navy Yard, Brooklyn. 

Buckner's Tables of Ranges. 

8vo. Cloth. $1.5a 
Calculated Tables of Ranges for Navy and Army Guns. By 
Lieut. W. P. Buckner, U. S. N. 



Luce's Naval Liglit Artillery. 

22 Plates. 8vo. Qoth. $3.0a 
Naval Light Artillery. By Lieutenant W. H. Parker, U. S. N, 
Third Edition, revised by Lieut. S. B. Luce, Assistant Instructor oj 
Gunnery and Tactics at the United States Naval Academy. 

Manual of Boat Exercise. 

18mo. Flexible Cloth. 75e. 
Manual of the Boat Exercise at the U. S. Naval Academy, designed 
for the practical instruction of the Senior Class in Naval Tactics. 
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Hamersly's Records of Living Officers of tlio 

U. S. Navy. 

ReviBed Edition. Cloth. Sva $5.00. 
The Records op Living Officers of the U. S. Navt and Ma- 
rine Corps. Compiled from OflBicial Sources. By Lewis B. Hamersly, 
late Lieutenant U. S. Marine Corps. 

Levy's Rules and Regulations for Men-of- 

War. 

Third Edition, Revised and Enlarged. 18ma Flexible Cloth. 50c 
Manual of Internal Rules and Regulations for Men-of-Wab. 
By Commodore U. P. Levy, U. S. N. 

Pook's Shipbuilding. 

8vo. Qoth. $5.00 
A Method of Comparing the Lines and Draughting Vessels 
Propelled by Sail or Steam, including a Chapter on Laying off 
on the Mould-Lott Floor. By Samuel M Pook, Naval Constructor. 
With Illustrations. 



Osbon's Hand-Book of the United States 

Navy. 

12mo. aoth. $3.00. 
Hand-Book of the United States Navy. Being a compilation of 
all the principal events in the history of every vessel of the United 
States Navy from April, 1861, to May, 1864. Compiled and arranged 
by B. S. Osbon. 

Totten's Naval Text-Book. 

Second and Revised Edition. 12ma Cloth. $3.00. 
Ni»VAL Text-Book. Naval Text-Book and Dictionary, compiled for 
Ihe use of Midshipmen of the U. S. Navy. By Commander B.J. 
Totten, U. S. N. 

Roe's Naval Duties. 

12mo. Cloth. $1.50. 
Naval Duties and Discipline : With the Policy and Principles of 
Naval Organization. By F. A. Roe, late Commander U. S. Navy. 



Stuart's Naval Dry Docks. 

Fourth Edition. 4to. Cloth. $6.00. 
The Naval Dry Docks of the United States. By Gen. C. B. 
i^Luart. Illustrated with 21 fine engi*avings on steel. 
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Murpliy and JeiFer's Nautical Route. 

8vo. Cloth. $2.50. 
Nautical Routine and Stowage. With Short Rules in NavigatioiL 
By John McLeod Murphy and Wm. N. Jeffers, Jr., U. S. N. 



Barrett's Dead Reckoning. 

8vo. Flexible Cloth. $1.26. 
Dead Reckoning ; Or, Day's Work. By Edward Barrett, U. S. Navy. 



Our Naval School and Naval Ojaa.cers. 

12mo. Cloth. 76c 

A Glance at the Condition op the French Navy prior to thf 
Franco-German War. Translated from the French of M. De Crise 
noy by Commander R. W. Meade, U. S. N. 



Ward's Naval Tactics. 

8vo. Cloth. $3.00. 
Manual op Naval Tactics : Together with a Brief Critical Analysil 
of the Principal Modem Naval Battles. By James H. Ward, Coitt' 
mander U. S. N. With an Appendix, being an extract from Sir How 
ard Douglas's " Naval Warfare with Steam." 



Ward's Naval Ordnance. 

8vo. Cloth. f2.00. 

Elbhbntart Instruction in Naval Ordnance and Gunnery. By 
James H. Ward, Commander U. S. Navy. 



Ward's Steam for the Million. 

8vo. Cloth. $1.00 

Steam for the Million. A Popular Treatise on Steam and its Appli- 
cation to the Useful Arts, especially to Navigation. By J. H. Ward, 
Commander U. S. Navy. 



Walker's Screvsr Propulsion. 

8vo. Cloth. 75 cents. 
Notes on Screw Propulsion, its Rise and History. By Capt. W. H. 
Walker, U. S. Navy. 
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